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THE OUTPUT OF THE HEART IN PATIENTS WITH ABNOR- 
MAL BLOOD PRESSURES 

By C. SmNEY BURWELL and W CARTER SMTH 
(Rrom Ihe iledtca! Clmic, VandahtU Vnhxrsity Besptlal, Nashnlle) 

(Received for pubbeation September 18, 1928) 

Heart failure is preceded by hypertension in a considerable per- 
centage of cases O’Hare, Calhoun and Altnow (1) have recently 
shown that many patients with heart failure of the type called “chrome 
myocarditis” or “myocardial msuffiaency of unknown ongm” have 
had high blood pressure m the past In any attempt to analyze the 
effects of high systemic artenal pressure and to evaluate it as a factor 
m the causation of heart failure, it is desirable to have knowledge of 
the other dynamic factors known to be concerned m the work of the 
heart The work of the heart is determmed chiefly by its output of 
blood per minute, by the pressure m the pulmonary artery and m the 
aorta against which it pumps, and by the velocity imparted to the 
blood by the heart In the absence of greatly increased output the 
velocity factor is small relative to the other two, although, as Evans 
(2) has shown, when large outputs are concerned it may be of major 
importance ’ 

Blumgart and Weiss (3) have studied the veloaty of blood flow m 
patients with artenal hypertension They found that patients with 
hypertension who exhibited no evidence of arculatory disabflity could 
be divided mto two groups in one, the velocity of blood flow was 
withm the hmits of normal, m the other the velocity was retarded 
Cardiac output m patients with artenal hypertension has been 
studied by Plesch (4), by Liljestrand and StenstrOm (5), and by Haya- 
saka (6) Plesch’s results m four cases showed on the average no 
defimte vanation m either direction Liljestrand and Stenstrdm 
made repeated observations of the cardiac outputs of five women 
sufiermg from mcreased blood pressure and chronic nephntis They 
used the mtrous oxide method of Krogh and Lindhard (7) and found 
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CARDIAC OUTPUT AND BLOOD PRESSURE 


that the average cardiac output of these patients was increased 26 per 
cent above the average of a group of normal subjects The basal 
metabohc rate was correspondingly on the average 17 per cent higher 
than m the control group The highest outputs were m cases with 
moderately elevated pressures rather than in those with extremely 
high ones 

The work of Hayasaka, which was done by the tnple-extrapolation 
method of Redfield, Bock, and Meakms (8), gave somewhat confusmg 
results He used the output per minute per square meter of body 
surface as the standard of companson, a value which Burwell and 
Robmson (9) have shown to be an uncertam one, and found the car- 
diac output mcreased m “bemgn hypertension” and m “mahgnant 
hypertension with nephntis,” but imchanged in cases with “secondary 
contracted kidney ” No data concermng vanations m metabohc rate 
are given, but the experiments were performed under standard condi- 
tions The author is of the opimon that hypertension m these cases 
may be dependent upon the elevated cardiac output, but he also 
pomts out that mcreased blood pressure is not always accompanied 
by mcrease m cardiac output 

METHODS 

The observations here reported were made by the method of Field, 
Bock, Gddea and Lathrop (10) with careful attention to the constancy 
of “standard basal” conditions as descnbed m previous publications 
(11) In each case, observations were made only after several days 
of rest m hospital had led to the estabhshment of a relatively fixed 
level of bood pressure Whenever possible, more than one observa- 
tion was made on each subject To emphasize the ease with which 
this method may be apphed to patients untrained m respiratory 
methods and as evidence for the rehabihty of the results obtained 
there is presented m table 1 a record of all the differences m arterial 
and venous carbon dioxide tension observed m these experiments 
It wiU be noted that in each experiment the arteno-venous differences 
agree satisactonly, usually withm 1 mm and that the maximum 
vanation is 1 7 mm 

Five patients with artenal hypertension were studied, three men 
and two women The systohc pressures ranged between 175 mm and 
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225 mm mercury and the diastohc between 110 mm and 140 mm 
Although we attempted to select relatively uncomplicated cases all 
of the patients, as may be seen from the appended chmcal summanes, 
showed evidence of more or less artenosclerosis and several of them 
had undoubted chronic nephfitis One patient (case 5) had had a 
partial thyroidectomy four months before our study was made, and 
at the time of observation had a slightly elevated basal metabohc 
rate No patient had evidence of congestive heart failure at the 
tune of observation and only one (case 3) had a history suggestmg its 
presence previously AU patients in the group showed defimte evi- 
dence of cardiac enlargement m the teleoroentgenogram or by per- 


TABLE I 

irUruyveMus di^erencu in carbon dioxide tension (miHtmeiers of snerairy) 



cussion In four subjects a second estimation of cardiac output was 
made after an interval of one or more days 

Si mil ar observations were earned out upon four men eihibitmg 
systohe blood pressures of from 65 mm to 95 mm of mercury and 
diastohc pressures ranging from 55 mm to 70 mm Of these, one was 
a case of rapidly progressive Addison’s disease, m which the diagnosis 
was subsequently confirmed by autopsy To within 48 hours of our 
observation he had been receiving frequent mjections of adrenahn 
and also whole dned adrenal gland by mouth Another subject was 
a young man suffenng from tuberculosis of the lungs and cecum and 
probably Addison’s disease Two measurements were made of this 
patient’s cardiac output Of the two other subjects. Cases 8 and 9 , 
one was a member of the hospital staff and the other a medical student. 
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CARDIAC OUTPXJT AND BLOOD PRESSURE 


both apparently qmte normal, but havmg low systolic blood pressure 
under the imposed conditions of fasting and rest 
For convemence in companson certain average values are calcu- 
lated In order to avoid distortion because some patients have two 
and some only one set of figures, the averages are obtained by calcu- 
lating first the average values for each subject and then computing 
the average of these figures 


RESULTS 

The results of the studies are given in table 2 The cardiac output 
of all the subjects in both groups falls within the hmits seen in normal 
healthy people when the blood pressures are withm the usual zone 
The averages of the cardiac outputs m the two groups are almost 
identical and the average cardiac output per minute per kilogram of 
body weight and the average output of the heart per beat aie of the 
same general order The absence of vanation is stnking when it is 
observed that the average pulse pressure in the hypertensive group is 
85 mm as against 26 mm in the hypotensive group 

The basal metabohc rate is on the whole somewhat higher m the 
group with high pressures than in the group with low This is partly 
exphcable on the score of the elevated rate of subjects 4 and 5, on the 
one hand, and the charactenstically low rate of the patient with 
Addison’s disease, on the other The cardiac output per 100 cc 
oxygen absorbed is, however, of the same order in the two groups 
The pulse rates in both groups with the exception of those of the two 
normal men are shghtly above the low level usually attained under 
satisfactory “basal” conditions, and the average rate is higher in the 
hypertensive cases, just as is the metabohc rate The arteno-venous 
differences do not differ significantly in the two groups 

DISCUSSION 

These observations demonstrate that under conditions of bodily 
rest patients with artenal hypertension have no significant increase in 
the cardiac output The hypothesis that hypertension in general is 
secondary to an increased output is thus not tenable An admissible 
objection to this conclusion is the possibility that the cardiac output 
was increased earher in the historj'^ of these patients but that at the 
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tune of observation they had reached a stage of the disease when the 
heart could no longer maintain so great an increase Agamst the 
possibihty of this it may be said that these were patients without signs 
or symptoms of heart failure and capable without distress of degrees of 
exertion certainly demanding greater cardiac output 

These observations show also that the increase in the work of the 
heart leading to its hypertrophy in patients with actual hypertension 
IS due not to changes m veloaty or cardiac output but to increase m 
resistance, unless exercise in hypertensive patients is accompamed by 
a disproportionate increase in output Holman and Beck (12) from a 
companson of the heart weights in two similar dogs, one of which had 
pulmomc stenosis and the other a large septal defect, infer that in- 
creased flow of blood through the heart is a more potent stimulus to 
hypertrophy and dilatation than increased penpheral resistance 
The stimulus in our cases, however, was apparently increased resist- 
ance since no elevation of the cardiac output was observed 

A companson of the hypertensive and hypotensive groups shows a 
stnkmg lack of relationship between blood pressure and cardiac out- 
put Here are patients with very high and very low systohc pressures, 
and with great vanations in pulse pressure, but with nearly identical 
cardiac outputs Blumgart and Weiss (3) pointed out the fact that 
hypertension does not necessarily imply any change in the velocity of 
blood flow If increase in tension were necessarily followed by in- 
crease in cardiac output, or by increased velocity, the work of the 
heart would be still further increased to its further hurt These 
observations must not be thought to show that hypertension and 
greatly mcreased cardiac output are never assoaated They often 
are, as with the development of severe anemia m chrome nephritis 
with hypertension And hypotension may, for example, be associated 
with distinctly dimimshed cardiac output m animals in shock as 
Blalock (13) has shown The association of hypertension and in- 
creased output, or hypotension and decreased output, is accordingly 
not a necessary one 

These studies bear on the question of proportionahty betiveen pulse 
pressure and output per beat, a relation suggested by Erlanger and 
Hooker (14), who were fully’’ aware of its limitations Rosen and 
White (IS) have recently brought evidence to show' that the pulse 



C SIDNEY BITRIVELL AND W CARTER SMITH 


7 


pressure is directly proportional to the output per beat in consecutive 
observations m the same individual under conditions that produce 
essentially the same diastobc pressure and heart rate. Our expen- 
ments show a complete lack- of proportionahty m different mdividuals, 
a lack of correspondence due, as Wiggers (16) pomts out, to vanations 
in vascular elasUaty and tomaty, the viscosity of the blood, and other 
factors 


SUMMARY 

In two groups of cases, one with systohc blood pressures of over 
175 mm of mercury and one with systohc blood pressures of less than 
95 mm of mercury, the total cardiac output per mmute, the cardiac 
output per min ute per kilogram of body weight and the cardiac out- 
put per 100 cc of oxygen absorbed did not show significant differences 
Pulse pressure and output per beat are not directly proportional in 
different mdividuals 


PROTOCOLS 

1 F H , a white male age 59 yearn, complamed of headache, diznaess, impaired 
vision, weakness and unpalnnent of memory for 5 years He was known to have 
had an elevated blood pressure for 5 years, and nocturia seven to eight times for 
1 year On physical examination he was a plethoric individual, with advanced 
arteno-sderosis and vascular retinitis. The cardiac dulness was 11 5 cm to the 
left and 4 cm to the nght The heart sounds were of good quality, no murmurs 
were heard There was no pittmg edema or other evidence of cardiac failure 
There were albummuna and cyllndruria but no mtrogen retention. 

The diagnosis was hvpertension, arteno-sderosis, chrome nephritis 

Z E T , a colored woman of 55 years, had palpitation of the heart, weakness, 
and djspnea on exertion for five jeais There had been some precordial pain 
dunng one year Examination showed a small, fairly well nourished colored 
woman The eyegrounds showed vascular retmitis with retinal hemorrhages 
The cardiac dulness was 9 0 cm to the left and 4 0 cm. to the right and the supra 
cardiac dulness was 5 8 cm wide. There were no evidences of cardiac failure, no 
anemia, and no evidence of nephritis 
The diagnosis was arteno-sderosis, hypertension 


3 E C , a colored male aged 36 years complained of frequent attacks of pal 
pitation of the heart for 14 months and some nocturnal dyspnea for 10 years 
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He had a primary sj^phiUtic lesion 17 years ago On phj^ical exammation he was 
well nourished and developed Examination of the eyegroimds shoued an earlv 
artenosclerosis The teleoroentgenogram of the heart showed it to be 10 3 cm 
to the left, 3 7 cm to the right, and the aortic shadow' was 6 4 cm m diameter 
The heart sounds were of good quahty, there was a soft systohc murmur at the 
apex but no evidence of cardiac failure There was very httle penpheral sclerosis 
and no evidence of renal disease The blood Wasserman was positive 

The diagnosis w'as hypertension, early vascular disease, syphilis 

4 A J , a white male, aged 41 years, was known to have had hypertension and 
chrome nephntis for two and a half years Headache was the most persistant 
and severe symptom Exammation showed a small fairly well nourished man 
with no evidence of cardiac failure but with marked penpheral artenal sclerosis 
and eyeground changes A seven foot plate of the heart showed it to be 8 5 cm 
to the left, 3 6 cm to the nght, and the aortic shadow was 6 5 cm The heart 
sounds were of poor quaht> , but there were no murmurs The blood contamed 
41 mgm of non-protem mtrogen per 100 cc there was constant albuminuna, and 
the specific gravity of the unne was low and fixed There was no anemia 

The diagnosis was chrome nephntis, hypertension, and artenosclerosis 

5 F B , a white female of 26 vears, admitted with a history of thyrotoxicosis 
four months previous to this entry Thyroidectomy was performed at this time, 
this was followed by improvement but the blood pressure, which was known to 
have been elevated for seven months, remained high She developed palpitation 
of the heart and shght dyspnea on exertion On physical exammation she was 
rather poorly nounshed but there were no definite signs of thyrotoxicosis The 
cardiac dulness was 9 5 cm to the left There was very httle penpheral sclerosis, 
no evidence of renal impairment and no edema or other evidence of cardiac failure 
The basal metabohe rates on successive days were 25 and 22 per cent above the 
calculated normal 

The diagnosis is as hypertension, thyrotoxicosis (mild), early vascular disease 

6 F B , a sshite male aged 40 years, complained of weakness and shortness of 
breath for one month presnous to admission The blood pressure was knossm to 
have been low for one month On exanunation he was fauly well nounshed and 
developed There was some mcreased pigmentation of the exposed parts of the 
skin. There was no anemia The cardiac dulness was not increased, the sounds 
were of poor quahts , but there was no esadence of congestive heart failure Ad- 
renalm and extract of the whole gland produced no improvement and the patient 
died twenty dajs after admission Post-mortem examination showed extreme 
atrophy of the adrenals 

The diagnosis w as Addison’s disease 
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7 C B , a white male aged 24 yeara, complained of abdominal cramps and 
weakness for one year, with a loss of 36 pounds m 8 months. On examinabon the 
patient was found to be emadated and rather pale with pigmentation suggesting 
Addison’s disease. The cardiac dulness was 3 cm. to the right, 6 cm to the left 
and the supra^ardiac dulness was 4 cm There were a few moist riles m both 
lung apices. There was some tenderness and resistance in the lower right quad 
rant of the abdomen The red blood cells numbered 4,510,000 per an. The 
hemoglobm was 63 per cent. 

The diagnosis was bilateral pulmonary tuberculosis, tuberculosis of the cecum, 
and Addison’s disease (?) 

8 W G , was a normal, healthy medical student 23 years of age. 

9 M H., was a member of the hospital staff, 29 years of age and quite well 
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THE EFFECT OF THE DIGITALIS BODIES ON THE VELOC- 
ITY OF BLOOD FLOW THROUGH THE LUNGS AND ON 
OTHER ASPECTS OF THE CIRCULATTON A STUDY OF 
NORMAL SUBJECTS AND PATIENTS WITH CARDIO- 
VASCULAR DISEASE' 

By SOIIA WTISS akd HERRMANN L, BLUMGART 

{From the Thorndike Memonat Laboratory of the Boston City Hospital, and the 
Department oj iledldne, Harvard Medicai School Boston) 

(Received for publication October 4, 1928) 

Knowledge of the effiaency of the arculation m man before and 
after the administration of therapeutic measures is essential to es- 
tablish a rational basis for the treatment of circulatory failure Circu- 
latory measurements in normal subjects and m patients before and 
after the administration of digitahs bodies are few BurweU, Neigh- 
bors, and Regen (1) studied the cHanges m the rmnute volume output 
of the heart after the adnmnstration of large therapeutic doses of 
digitahs powder to four normal subjects FoUowmg the admimstration 
of digitalis they observed, by the method of Field, Bock, Gildea, and 
Lathrop (2), no increase in the cardiac output per minute On the 
contrary there was a shght but d efini te reduction of blood flow 
The decrease in blood flow, according to these authors, could not be 
arplamed by the normal vanation m the volume of blood expelled 
from the left ventncle per rmnute, or by techmeal error In applying 
theur results to patients with arculatorj' failure, they caution, how- 
ever, that “If the same pharmacological effect upon heart muscle can 
produce different effects upon cardiac output m different states of 
heart muscle, it is then unsafe to apply our conclusions directly to an 
analysis of the effect of digitalis upon the cardiac output of patients 
suffering from heart failure ” Eppmger, Papp, and Schwarz (3) ob 
served a reduction m the amount of blood expelled from the left 

' This investigation was aided bj a grant from the Proctor Fund of the Harvard 
Medical School for the Studv of Chronic Diseases 
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ventncle of one patient who was suffenng from arculatory failure 
No significance can be attached to this findmg for it is well recognized 
that the method they used does not give rehable results m patients 
with curculatory failure Cohn and Stewart (4) studied the effect of 
digitahs by means of movmg x-ray films, observmg the change m the 
height of the left ventncnlar excursion of the heart The four pa- 
tients studied were young adults with symptoms and signs of rather 
mild circulatory failure Two of the patients showed auncular fibril- 
lation, the other two regular rhythm In all four patients a sig- 
nificant mcrease m the height of the left ventncular excursion was 
seen, when the patients were under the effect of digitahs An in- 
crease m the ventncular excursion, under such conditions, does not 
necessarily mdicate, but is suggestive of mcreased output of the heart, 
provided that there is no correspondmg decrease in rate, and pro- 
vided there is no significant change in the size of the heart Recently 
Hochrein and Meier (5), applymg Bromser’s method on man, noted 
that, followmg the admimstration of strophanthin, patients suffenng 
from circulatory failure showed a decrease between the peaks of the 
pulse and pulse veloaty curves sudultaneously taken This indicates 
that, followmg the admmistration of therapeutic doses of strophan- 
thin, the blood flow through the radial artenes increased Kmm- 
month (6) usmg Henderson’s ethyl lodid method observed that the 
arculation rate may be increased, decreased, or unaffected by digi- 
tahs m patients with diseased arculatory system These vanations 
m reponse to givmg digitahs occurred not only m different patients, 
but in the same patient at different tunes An mcrease in the arcu- 
lation rate was more apt to occur m patients with low arculatory 
rate and with signs of arculatory failure In patients with heart 
disease, but with no reduction of the arculatory rate, an increase 
occurred less frequently and the circulation rate was either unaltered 
or deaeased It should be recalled that the value of the ethyl lodid 
method m the form apphed by Khrunmonth has been adversely 
cntiased 

In view of these discrepant results, and the questionable rehabihty 
of the methods apphed by some of the investigators, one is forced 
to conclude that the effect of digitahs on the blood flow m man and 
in patients vath arculatory failure remains unknown 
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Because precedmg studies (7) have shown that the velocity of 
blood flow IS a fundamental and charactenstic aspect of the arcu- 
lation both m health and m disease, and because a rehable method 
for the measurement of the veloaty of blood flow has become avail- 
able, we have mvestigated the effect of digitalis on the veloaty of 
blood flow in normal subjects as well as m patients with cardio- 
vascular disease 


METHODS 

The methods employed m this mvestigation were similar to those 
used m previous studies (8) Simultaneously with the measure- 
ment of the veloaty of the blood flow through the lungs, the veloaty 
of venous blood flow from the right elbow to the right aimde was 
measured The venous pressure was estimated by the method of 
Montz and Tabora (9), and the vital capaaty of the lungs with a 
Collms spirometer All measurements were performed after more 
than 12 hours of eaUng the last meal 

RESULTS 

A In nomal subjects 

To ascertam the effect of the digitalis bodies on the veloaty of 
blood flow of normal human beings, eight volunteer male subjects 
between the ages of 24 and 46 were studied (table 1) To observe 
the immediate effect of the administration of digitalis bodies, four of 
the subjects received strophanthin intravenously The physiological 
activity of the speamen used was 0 14 mgm per cat unit, as estimated 
by the assay of Hatcher and Brody (10) The veloaty of the blood 
flow and other aspects of the circulation were measured before and 
again after the admmistration of the strophanthm In subjects 4, 6, 
and 8 the measurement of veloaty was repeated three hours after 
injection of the drug, while m subjects 3 and 5 the tests were re- 
peated SIX hours after the adrmnistration of strophanthm Subjects 
1, 6, and 7 recaved large therapeutic doses of tincture of digitalis 
by mouth The physiological potency of the tincture used corre- 
sponded to 1 cat umt per 1 cc Subjects 1 and 6 received an imtial 
dose of 50 per cent of the total dose at once, followed by two doses 
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of 25 per cent of the total calculated dose at six hour intervals The 
arculatory tests were performed six hours after the last dose Sub- 
ject 7 received tmcture of digitalis m the same manner as just de- 
scnbed Circulatory measurements m the case of this individual 
were performed 12 hours after the admimstration of the last dose, 
when this normal person showed electrocardiographic evidence of the 
effect of digitahs The same measurements were repeated twelve 
days later, when the dose of digitalis previously administered had 
probably been ehmmated Toxic reactions except for nausea and 
vo mitin g m subjects 1 and 7 were not observed Table 1 illustrates 
that although there was a vanation m dosage and method of ad- 
nunistration of the digitalis bodies, the veloaty of the blood flow 
showed no sigmficant alteration The average difference between the 
arculabon time of the venous blood flow from the cubital vem to the 
nght side of the heart was an mcrease of 1 9 seconds, the average 
difference between the pulmonary circulation times of the eight 
normal subjects studied was a decrease of 0 3 second The maximum 
variation before and after the administration of the digitahs bodies 
was an mcrease of 4 5 seconds m the venous arculation time, and an 
increase of 3 5 seconds m the pulmonary arculation time. We have 
called attention to the fact that the veloaty of the venous blood flow 
from the arm to the nght side of the heart shows greater spontaneous 
vanations both in normal individuals and m patients with arculatory 
failure, than the veloaty of the blood flow in the pulmonary arcmt 
(8) The artenal and venous blood pressures, as well as the vital 
capaaties of the lungs of the aght subjects studied, showed no 
changes which could be attnbuted to a digitahs effect 

B In patients with cardtovascnlar disease 

The results of the mvestigation of the effect of the digitalis bodies 
on the veloaty of blood flow of patients suffermg from cardiovascular 
disease is presented m table 2 A summary of the chmcal observa- 
tions concemmg the cardiovascular system of the 14 patients is 
appended at the end of this pubhcation It is evident that both the 
abnormality of the cardiovascular system and the degree of circu- 
latory failure vaned considerably Patients 7, 8, 9, 10, 11 and 14 
exhibited only symptoms and signs of circulatory failure on exertion. 



TABLE 2 

Eject of digtiahs bodtes on (he velocity of pulmonary of blood flow of patients suffering from cardiovascular diseases 



16 


















Aunoilar fibrillation, arten Baforc February 13 88 

osderosia After February 15 75 
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while patients 1, 2 , 3, 4, 5, 6, 12 and 13 showed signs of congestive 
failure of the circulation even when at rest Patients 8, 12 and 14 
exhibited fibrillation of the aurides, while in the other patients the 
rhythm was regular In order to differentiate between the effect of 
rest and of digitalis, all patients were kept in bed for from 8 to 30 
days, until chmcal observations, electrocardiographic measurements, 
and tests of the vital capacity mdicated no further improvement 
Tested tincture of digitahs or strophanthm was then admimstered in 
large therapeutic doses The effects of full digitalization were evi- 
denced within 24 hours after begmmng the admmistration of the 
drug Circulatory measurements were then repeated within 24 hours 
after the administration of the last dose m aU cases with the ex- 
ception of patient 6, m whom the measurements were repeated 2 
days after the last dose AU patients showed one or more effects of 
digitalization, such as slowmg of the pulse rate, mversion of the T 
waves m the leads of the electrocardiographic tracings, or the ap- 
pearance of nausea Several patients showed several of these effects 
As the mam interest m this study was to observe the efi^ct of the 
digitalis bodies on the pulmonary blood flow, which is closely related 
to the state of the entire body, the data for the patients are grouped 
in table 2 accordmg to the degree of change in the pulmonary cucula- 
tion rate foUowmg the admmistration of tmcture of digitahs or 
strophanthm Patient 1 showed the most marked decrease, and 
patient 14 the most marked mcrease of the pulmonary arculation 
time The results mdicate that only three patients (12, 13, and 14) 
of the fourteen patients studied showed a definite slowmg of the 
pulmonary blood flow In one of these three patients (number 12) 
SIX days after the begmmng of the administration of digitalis the 
velocity was the same as before In the other eleven patients the 
velocity of pulmonary blood flow was either unaltered or there was 
a defimte increase as the result of the admimstration of the digitalis 
bodies Acceptmg 3 5 seconds as the maximum normal vanation, as 
was shown by the measurements on normal subjects, seven of the 
fourteen patients showed a definite mcrease above normal The aver- 
age increase in these seven patients was 6 9 seconds The finding 
indicate no relationship between the changes in the velocity of pul 
monar>' blood flow and that of the venous blood flow from the arm 
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to the heart The vital capaaties of the lungs showed no definite 
changes after the administration of digitalis The venous pressure 
became definitely lowered in patients 1 and 4 No relationship could 
be estabhshed between the seventy of arculatory failure and changes 
m velocity The pulse rate was lower m all the patients with the 
exception of patients 2 and 9 The average slowing of the cardiac 
rate was 12 per mmute (from 81 beats to 69) Defimte correlation 
could not be estabhshed between the degree of circulatory failure and 
change m the pulmonary arculation time, although six of the seven 
patients who reacted with a defimte increase in veloaty showed sympi- 
toms and signs of congestive failure at the time of test These pa- 
tients were n umb ers 1, 2, 3, 4, S and 6 It is of interest to note that 
two of the three patients who exhibited fibrillation of the aimcles 
showed defimte prolongation of the pulmonary circulation time after 
the adnunistration of large therapeutic doses of tincture of digitalis 
These were patients 12 and 14 Patient 8, however, showed a de- 
crease of 3 5 seconds 


DISCDSSION 

The results of this study mdicate that tmcture of digitalis and 
strophanthm, and thus presumably other digitalis bodies, when ad- 
ministered to normal subjects under the conditions described, exert 
no appreaable change on the velocity of the pulmonary blood flow 
When digitalis and strophanthm were administered to patients with 
cardiovascular disease the veloaty of flow m the pulmonary arcmt 
became distinctly slower m three patients, while in the rest of the 
eleven patients there was either no change, or a defimte mcrease The 
observations also mdicate that foUowmg the administration of digitalis 
changes are greater m cardiac patients than m normal subjects 

Our observations in the past (7) (11) demonstrated that m arcu- 
latory failure there is slowmg of the veloaty of blood flow Although 
slowmg 13 not always proportional to the degree of climcal decompensa- 
tion, with climcal improvement there is nevertheless generally an m- 
crease m the veloaty of blood flow The cardiac output of the heart 
m arculatory failure is not defimtely known at present because of 
technical difficulties connected with the measurements The con- 
ception expressed by certain mvestigators that n itij circulatory failure 
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there is an increase in the cardiac output could be reconaled with the 
findings of slowing of the pulmonary veloaty only if one assumes that 
m cardiac failure there is considerable mcrease in the available cross 
sectional area of the vascular bed At present experimental or clin- 
ical data are not available which throw light on this aspect of the 
problem Similarly, no direct reliable observation on patients with 
circulatory failure is available which supports the theory that the 
benefiaal effect of digitahs on the arculation manifests itself in a 
sedative action, decreasmg the nunute volume output of the heart 
Our findmg that seven out of fourteen patients with circulatory 
failure showed an mcrease in the veloaty of blood flow in the pul- 
monary arcmt followmg the admmistration of digitahs. is in harmony 
with other numerous observations on patients, m whom dunng their 
stay m hospital repeated measurements of the veloaty of blood flow 
were taken According to these observations, with improvement in 
the general clinical condition of the patient, the veloaty of blood flow 
and the vital capaaty mcreased and the venous pressure became lower 
The change m veloaty of the blood flow followmg the administra- 
tion of digitahs IS therefore the same as the change which follows 
other therapeutic measures, which are benefiaal m the treatment 
of circulatory failure The observation that those patients who 
showed dmical improvement after the admmistration of digitalis 
bodies showed hkewise an mcrease m the velocity of blood flow is of 
greater significance m the analysis of digitahs effect m patients, than 
findmg no change or slowmg To condemn the use of digitalis be- 
cause it fails to improve the arculation m a few patients is as irra- 
tional as gi\nng up arsenicals because they do not always better 
patients with syphflis It is often observed dmicaUy that, depending 
probably on structural and physiological changes m the heart, a stage 
IS reached when digitalis fails to benefit In rare instances the symp- 
toms and signs of arculatoiy failure may become definitely worse 
after the admmistration of digitalis and improvement may follow the 
omission of the drug Our observations suggest that the digitalis 
bodies do not induce uniform changes m the veloaty of blood flow 
of patients suffermg from arculatoiy failure This is m harmony 
v ith the findings of others on the effect of digitalis on the mmute 
volume output of the heart, as well as on the cardiac rate, conducting 
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system, and vital capaatv If we consider that the degree as well 
as the nature of pathological changes in the structures through which 
digitalis mfluences the circulation vary markedly from patient to 
patient, it is questionable whether a uniform change m arculatory 
measurements after the administration of digitalis bodies can be 
expected 

The fact that seven patients showed defhute mcrease m the veloaty 
of pulmonary blood flow mdicates that the digitahs bodies are useful 
agents m the treatment of circulatory failure Smce the relatively 
duect approach to the problem of the action of digitalis in patients 
with circulatory failure entails a number of vanables it can be readily 
understood how hazardous is the apphcation of observations gamed 
in studymg animals, or normal men 

SUMMARY AND CONCLUSIONS 

1 Strophanthm and tmcture of digitahs were admmistered mtra- 
venously and by mouth respectively to eight normal persons Their 
effect on the veloaty of pulmonary and peripheral venous blood flow, 
on the vital capaaties of the lungs and arterial and venous pressures, 
were observed Amounts of these drugs corresponding to large 
therapeutic doses failed to change appreaably the veloaty of the pul- 
monary blood flow and the other above mentioned aspects of the 
arculation m the normal subjects 

2 When strophanthm, or tincture of digitahs m large thera- 
peutic doses was administered to 14 patients suffering from cardio 
vascular disease, the veloaty of the pulmonary blood flow became 
increased m seven, was unaltered in four, while m three patients it 
was definitely decreased 

3 Although the average pulse rate m seven pmtients showed a re- 
duction of 14 beats per mmute, the puhnonaty circulation time showed 
an average reduction of 6 9 seconds, which corresponds to an mcrease 
of 30 per cent m the veloaty of pulmonary blood flow 

4 The veloaty of blood flow m the pulmonary arcuit is decreased 
m patients with arculatory failure With clmical signs of improve- 
ment due to the admmistration of digitalis or to rest the veloatv of 
this blood flow inaeases, although the degree of the patient’s improve- 
ment and the change m veloaty may not be parallel 
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5 Patients with symptoms and signs of congestive failure, even 
when at rest, have had a greater tendency to show defimte mcrease in 
the veloaty of blood flow m the pulmonary arcmt foUowmg the ad- 
mimstration of digitahs than patients who were compensated at rest 

6 The studies presented help to provide a rational basis for the 
therapeutic admmistration of digitahs to patients suffermg from 
arculatory failure 

ABSTRACTS OB HISTORIES AND PHYSICAL EXAMINATIONS OB PATIENTS 

STUDIED 

1 J M , aged 62, complained of mcreasmg dyspnea of one and a half years’ 
duration For three months he had been imable to walk because of marked weak- 
ness He noticed marked swellmg of the abdomen and legs He was cyanotic 
and dyspneic The heart was moderately enlarged The sounds were distant 
The cardiac rate per minute was 130 to 140 The rhythm was regular The 
blood pressure was 120 mm systobc and SO mm diastohc of mercury Over the 
base of the lungs moist bubbhng r^les were heard The abdomen was distended 
The liver edge was felt S cm below the costal margm Marked pitting edema 
w as noted over the buttocks and legs The condition of the patient was unaltered 
at the time of the administration of digitahs The diagnosis of myocardial 
degeneration was made 

2 J C , aged 57, complamed of shortness of breath and mability to work for 
one and a half years He noticed swellmg of the feet following exertion The 
heart w as normal m size The cardiac rate was rapid The sounds were distant 
No murmurs were heard At time of the admimstration of the digitalis bodies the 
patient was shghtly dyspneic The diagnosis of myocardial degeneration was 
made 

3 P F , aged 63, was suffermg from nocturnal attacks of dyspnea Dunng 
the last two years he had become weak and imable to work Occasionally he 
noticed swellmg of the ankles On physical examination the heart was enlarged, 
the greatest diameter bemg 14 cm , and the aortic second sound was markedly 
accentuated The rhy'thm was regular Shght pitting edema was noticed over 
the ankles The blood pressure was 210 mm of systobc and 120 mm diastolic of 
mercury^ The patient’s condition was unchanged at the time of the adrmnistra- 
tion of digitahs The diagnosis of artenal hypertension was made 

4 C B , aged 41, complamed of shortness of breath and weakness for one year 
He noticed gradually mcreasmg swellmg of the ankles and legs dunng the six 
months prenous to his entry' to hospital He was unable to w alk dunng the same 
penod On physical examination he showed marked dyspnea and orthopnea 
The lips were cy anobc The heart was large The greatest transverse diameter 
was 13 cm The heart soimds were normal, and no murmur was heard The 
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rate was rapid, 110 to 130 The rhythm was regular There was maried swelUng 
of the abdomen with a suggestive fluid wave The liver area was tender The 
legs were swollen with marked pitting edema. The blood pressure was 195 mm 
systolic and 160 mm diastolic of mercurv The patient’s condition did not im 
prove under rest in bed, and the symptoms and signs of arculatory failure were 
unchanged at the time of administration of digitalis The diagnosis of arterial 
hypertension was made 

5 Th J , aged 52, had been well until fourteen months previous to his entrance 
into the ho^ital, when he noticed cramp like pam starting in the precordium and 
radiating to the epigastrium This attack was repeated several times, he beca m e 
very dyspneic on such occasions During the last four weeks he noticed marked 
swelling of the ankles, which disappeared after rest During the last two weeks 
he also coughed a great deal and has had several attacks of palpitation The apex 
impulse was observed in the sixth interspace. The first sound at apex was short 
and merged into a soft systolic murmur The second sound was reduplicated all 
over the precordium The cardiac rhythm was regular The peripheral vessels 
were sclerosed A moderate degree of edema was observed over both ankles at 
the time of entrance Into the hospital The blood pressure was 140 mm systolic 
and 100 mm diastolic of mercury At the time of test the general condition 
of the patient was the same, except that no edema was observed The diagnosis 
of arteriosclerotic heart disease was made. 

6PM, aged 50, noticed one month previous to his entry incr easing shortness 
of breath, cough, swelling of the legs and abdomen He was unable to work 
On physical examination he was markedly orthopneic The apex of the heart 
was not felt The heart sounds were distant. The cardiac rate was rapid and 
the rhythm regular The blood pressure was 155 mm systolic and 80 mm 
diastolic ot mercury The n^t side of the chest posteriorly was flat on per 
cussion and the breath sounds were suppressed Moist bubbling riles were heard 
over the base on both sides The abdomen was tender over the liver area and It 
was large. The legs were markedly swollen The condition was essentially 
unchanged at the time of administration of digitalis The diagnosis of myo- 
cardial degeneration was made 

7 A S , aged 74, complained of frequent attadrs of precordial pain, aisocmted 
with dyspnea No other evidence of arculatory failuie was obtained from the 
history On physical examination some tortuosity and sclerosis ot the retinal 
vessels were observed The lips were cyanotic The heart was of normal size. 
The heart sounds were weak but regular The peripheral vessels were markedly 
thickened. The blood pressure was 190 mm systolic and 95 mm diastobc 
of mercury Numerous moist rales were heard over the bases of the lungs. The 
diagnosis of arteriosclerotic heart disease and arterial hypertension was made 

8 P P , aged 68, complamed of shortness of breath and weakness He had 
noticed swelling of the feet frequently after work On phvsical examination the 
heart was found enlarged The maximum of the transverse diameter was 13 cm. 
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The sounds were rather distant The rhythm was totally irregular The pe- 
npheral vessels were moderately sclerosed The blood pressure was 120 mm 
systohc and 70 mm diastohc of mercurj-^ No edema v as noted The condition 
of the patient at the time of test was essentially unchanged The diagnosis of 
arteriosclerosis and auricular fibnllation was made 

9 W ]\r , aged 65, had had shortness of breath dunng the last six months 
previous to his adrmssion Two u eeks previous to entry he noticed sharp ab- 
dominal pains which became aggravated after meals He never observed swelling 
of the ankles, or of the abdomen Ph 3 'sical exa min ation showed an enlarged 
heart •mth a maximum transverse diameter of 14 cm The heart sounds were of 
good quahtj"^ and the pulmonary second sound w as accentuated Over the third 
nght intercostal space a rough systohc murmur and a prolonged blowing diastolic 
murmur were heard The peripheral vessels were moderately thickened The 
pulses uere full and boimding Blood pressure was 196 mm systolic and 50 
mm diastohc of mercury No pitting edema or other signs of congestive cardiac 
failure observed The Wassermann test of the blood was positive The diagno- 
sis of syphihtic heart disease wath aortic insuffiaency was made 

10 A 0 , aged 68, gave no history' of circulator)' failure He had been told 
that his blood pressure was high The heart was slightl) enlarged The greatest 
transverse diameter was 12 cm on percussion The aortic second sound was 
markedly accentuated The blood pressure was 228 mm S)stohc and 112 mm 
of diastohc The diagnosis of artenal hypertension was made 

11 W P , aged 39, suffered from attacks of precordial pain of two years’ dura- 
tion Durmg the last three weeks he had been suffering from shortness of breath 
which was worse at night He also coughed a great deal durmg the same penod 
He had had no edema of the ankles despite the fact that he walked much Phys- 
ical examination showed marked pulsation of the vessels of the neck, over which 
a systolic murmur was heard The apex impulse of the heart was felt in the 
sixth mtercostal space in the antenor axillary Ime The heart was enlarged down- 
ward and outw ard The sounds were -of good qualit)', with regular rhythm 
Loud to and fro murmur was heard over the precordium with the maximum m- 
tensity over the aortic area The radial pulses were of the Corngan type The 
blood pressure was 164 mm systolic and 40 mm diastohc of mercury The 
Wassermann and Kahn tests of the blood were positive The patient’s condiDon 
was the same as just descnbed at the time of the test The diagnosis of syphilitic 
heart disease with aortic msufflciency was made 

12 D K , aged 61, had had shortness of breath on exertion for one year One 
month pre\nous to his admission he became so weak that he could walk short dis- 
tances onh No history of edema was obtamed The complaints were essen- 
tiall\ the same as at the tune of test On phy sical exammation the cardiac im- 
pulse was rather diffuse The maximum trans\erse diameter was 13 cm The 
sounds were of fairli good quality At the apex a soft systohc murmur was 
heard The rhythm was totaUi irregular The peripheral vessels showed 
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moderate tlucLeomg The blood pressure was 110 mm systobc and 70 mm. 
diastolic of mercury The liver ed^ was 3 cm below the costal border The 
diagnosis of arteriosclerotic heart disease and auncular fibrillation was made 

13 L S , aged 39, was suffering from severe attacks of rfieumatic fever at the 
age of 18 For one year he had noticed shortness of breath on exertion, as well 
as occasional swelling of the ankles He was shghtly dyapneic. The heart was 
slightly enlarged, the greatest transverse diameter being 12 cm The first sound 
over the apex was loud Over the same area a systobc and diastolic murmur was 
heard The rhythm was regular The bver was not palpated. Sbght pitting 
edema over the ankles was noted The blood pressure was 108 mm systolic 
and 60 mm diastoUc of mercury Under rest the patient improved and at the 
time of administration of digitalis he was not dyapneic and no edema was present 
The diagnosis of rheumatic heart disease with mitral stenosis and insuffiaenc\ 
was made 

14 S C , aged 26, complamed of shortness of breath He had had rheumatic 
fever in childhood but had been well until nine years previously, when after 
pneumonia, he developed moderate shortness of breath for eight months Dunng 
the ten months before entry he experienced sbght precordial pain on exertion 
with shortness of breath and palpitation, which gradually increased m severity 
foremg him to enter the hospital Three days before admission, pitting edema 
was observed over lower legs After admission to the hospital, on rest m bed 
and on taking digitalis, he showed moderate improvement Physical examina 
tion ^owed blowing systobc and diastolic murmurs over aortic and irntml areas 
The liver was not palpable There was no edema of the legs A few moist riles 
were heard over the left base Following rest in hospital patient returned home 
but was compelled to re-enter hospital because of exacerbation of ^Tnptoms 
At time of administration of strophanthin patient was up and about the ward 
There was no dj'spnea or orthopnea. Physical examination showed no rides over 
chest and no edema The bver was not palpable, and the heart was as noted 
above The diagnosis was rheumatic pancarditis, auncular fibrillation, aortic 
stenosis and insuffiacncy, mitral stenosis and insuffidcni:^ 
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OBSERVATIONS ON PAROXYSMAL HEMOGLOBINURIA' 

By G M MACKENZIE 

With the Technical Aesistance oe Euily FEflHBAUEa 
(From the Medical CUntc of the Prcebyterian Boepttal, Nao I ork and the Medical Clinic of 
the Mary Imosene Baeseti Hospitcd^ Coopertiown, If T) 

(Recdvtd for pubUcaUon October 23, 1928) 

For the discovery of the reaction which reproduces in vitro what 
appears to be the essential feature of the mechanism of this disease we 
are mdebted to Donath and Landatemer (1) They showed that the 
serum of these patients contains an auto-hemolysin which umtes with 
the patient’s own red blood cells or with those of any other mdividuaT 
only at a low temperature, that when such a mixture is warmed to 
hemolysis occurs if complement be present Complement is 
essential for the completion of the reaction Rosenbach (2) had pre- 
viously shown that all the phenomena of a typical paroxysm of the 
disease may be produced by immersion of the hands or feet of the 
patient in ice water 

During the past nine years I have had five of these patients under 
observation and this paper summarizes some of the serological, climcal 
and therapeutic results 

This auto-hemolysin has certain stnkmg pecuhanties At body 
temperature it will not umte with the red blood cells The highest 
temperatures at which umon could be detected with theauto-hemoly- 
sins from three of the patients I have studied were respectively 12°C , 
and 10°C (protocol 1) Temperatures down to 4°C or S'C , 
however, gave more complete umon, shown by greater hemolysis 
when the mixture was subsequently warmed In two of these patients 
hemolysis was greater if the red cella from the patient were used rather 
than those from another mdividual of the same blood group (pro- 
tocol 2) In aU five of these patients it has been possible to confirm 
the observation of Yorke and Macfie (3) that umon is more effective 

' Presented in abstract form at the meetmg of the Association of Amencan 
Physicians, May 2, 1928 
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and hemolysis greater if the chilhng is hmited to five or ten minutes 
rather than the more usual penod of thirty minutes (protocol 3) 
This IS particularly interesting in view of what occurs when a patient 
spontaneously has a paroxysm The actual time dunng which the 

PROTOCOL 1 

December 7, 1922 Patient L O Blood drawn from arm vem, one portion allowed 
to clot at room temperature, serum separated 30 rmnutes after venepuncture, serumm 
ice box over mght, A second portion was taken m citrate and used for the preparation 
of the red cell suspiension Control serum and red cell suspension prepiared m the same 
waj from a normal adult belongmg to the same blood group 
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blood in superfiaal capiUanes is exposed to lowered temperatures 
IS ob\nously short It soon passes back to the higher temperatures 
of the intenor of the body 

These auto-hemolysins also have in some instances a surprising 
thermolabihty In one case 45°C for thirty minutes destroyed the auto- 
hemoU’sin so that the addition of fresh complement would not reacti- 
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vate It, m another case it was destroyed at 47 5°C The extreme 
labihty of this strange hemolysm is further shown by the fact that 
sometimes after one to three days in the ice box the serum will no 
longer cause lysis of the red cells The hemolysm has disappeared 
(protocol 6) It has been shown repeatedly that the serum of par- 

PROTOCOL 1 

January 2, 1925 Patient F V Blood drawn from arm vdn one portion waa allowed 
to dot at temperature, scrum sqjaratcd as soon as clot had formed and teat set up 
at once a Kcond portion was dtrated and used for the preparation of the red ccH su^>en 
sion Control serum and red cell suspension obtained from a normal adult belonging to 
the same blood group as the patient 
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oxysmal hemoglohmuncs causes lysis not onlj of the patient’s own 
red cells but also of the red cells of any other individual I have made 
several attempts to separate by absorption experiments the auto- 
hemolysin from the iso-hemolysm (protocol 4) But m no case was 
one removed without also removing the other, hence they are probably 
identical 

IVhether it is necessary to have complement present at the low temp- 
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erature is a question which has been answered in different ways b}" 
different observers (4, 5) So far as my obsers’^ations go they indicate 
that complement may be added after the chilled serum and cells have 
been warmed to 37 5° and still have hemolysis occur, but that if 
alexin be present in the mixture at the low temperature, more com- 
plete hemolysis occurs (protocol 5) 

PROTOCOL 3 

November 29, 1921 Patieat L 0 Blood drawn from arm \em, one portion allowed 
to clot at room temperature, serum separated as soon as coagulabon was complete and 
test set up immediately, a second portion was atrated and used for the preparation of the 
red cell suspension Control serum and red cell suspension obtamed m the same way from 
a normal adult of the same blood group 
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Another question upon which discordant results liave been reported 
(6, 7) is the possible effect of COj either as a substitute for chilling 
or as an auxilhar}’^ factor in bringing about umon of the hemolysin and 
the red cells The expenments I have done with CO- were entirely 
negative (8) No effect upon umon nor upon hemolysis was observed 
That there is probably some undefined factor in the mechamsm of 
the disease appears to be indicated by observations on two of our 










PROTOCOL 4 

December 5, 1921 Patient L. 0 Blood drawn from arm von cm c portion allowed 
to dot at room temperature scrum separated as soon as coagulation was complete and the 
eiperiment set up immediately, a second portion was dtrated and used for the preparation 
of the red cell suspension Control scrum and red cell suspension obtained In the same 
way from a normal adult of the same blood group 

2,0 cc. of the patient's serum was mixed with 2 0 cc- of washed and packed red blood 
cells of the patient and Immersed m melting kc for 15 minutes. The mixture was then 
centrifuged cold and the supernatant serum quickly pipetted off This is “Patient’s serum 
'auto’-absorbed 

The same absorption of the patient’s serum In the cold was carried out with an equal 
volume of washed and packed red Wood cells from a normal Individual of the same blood 
group This Is 'Tatient’s scrum *iso’-ab»rbcd.'’ 
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Tltratiou of the Wasserman reaction on the "auto”-ab 50 rbcd and the untreated senun 


used In the above experiment gave the following results 
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patients One was a boy of 7 and the other a boy of 8 One had an 
e-rtreme susceptibihty to spontaneous attacks and a low titer of 
hemolysin in his serum and plasma, the other had paroxysms only 
after relatively long exposure to low temperatures and a high titer of 
hemolysin in his serum and plasma There seems to be no explanation 
for such an inverse relationship between the titer of hemolysin and the 
susceptibihty to attacks unless one postulates some factor as yet 
imdemonstrated The fact that the boy with a low titer of hemolysin 
and high susceptibihty to attacks was subject to very marked vaso- 
motor disturbances while the other boy had none that were apparent, 

PROTOCOL 5 

November 11, 1920 Patient J B Serums, red cell suspensions and complement 
prepared m the usual way One pwrtion of the patient’s serum was inactivated at 55°C 
for 30 rmnutes 
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All the usual controls were negative 


would suggest that a vasomotor mechamsm may have something to do 
with the hemolysis 

From the etiological and from the therapeutic point of view the 
most important aspect of this disease is its relation to syphihs Many 
of the reported cases have been in congemtal sj^hihtics The Was- 
serman reaction is positive m nearly every case and in many of the 
adult cases late mamfestations of acquired syphihs have been present 
(9, 10) It was of interest therefore to attempt the separation of the 
auto-hemolj sin from the Wassermann reacting substance This has 















PROTOCOL 6 


January 27, 1925 Patient G C Blood drawn from arm vein, divided Into two 
portions scrum and red cell suspension prepared In the usual way Test set up 
immediately 
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Ttlratlcrt of the TTauormann reaciton oh the same serum 
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The serum was then left in the Ice box for 3 days. RepetIUon of the abo\‘e titrations 
January 30 1925 
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Ttirailon of the Wasscrmann reaciton on Ike same serum 
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Chari 2 Patiekt J B (July 11, 1923 ) Artiticially Induced HEHOCiOBiNEinA and Albdminusia. No Heuo 

GLOBDTORIA EXAMPLE OF A LaRVAL ATTACK 
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been, done in two ways The auto-hemolysin was completely absorbed 
out of hemoglobinunc serum and the Wassermann reaction titrated 
before and after the absorption of the hemolysm (protocol, 4) Such 
an experiment shows qmte regularly that the auto-hemolysm may he 



Chart 3 Patient G C (December 20, 1926 ) Arttficialla Induced 
HE ilOGLOBINEMlA AND AlBUUINURIA NO HehOGLOBINURIA 
Example of a Larval Attack 


completely removed without perceptibly weakemng the Wassermann 
reaction The same result is obtained if hemoglobinunc serum is 
alloi\ed to stand in the ice-box until the auto-hemolysm has dis- 
appeared (protocol 6) It will be found that the Wassermann reacting 
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Chart 4 Eitect of AimsYPHiLinc Treatment on Attto-heiiolystn, W TL 
AKD Symptoms Patient G C 

The pcnod duimg which spontaneous attacks of hemoglobmuna occurred is 
shown in black at the top of the chart- At the bottom of the chart the kind and 
amount of treatment is mdicated A arsphenamme iVA — ineoarsphenamine 
SA — sulpharsphenamine BI intramuscular and intravenous mjcctions of 
bismuth The amount of each of these drugs given is shown in grama at the tpp 
of the columns representing the different drugs x X X - inunctions of mer 
cury or intramuscular mjections o O O — potassium iodide. Lme TFi2 — 
‘Wasscnnann reaction Line DL •• Donath Landstemer reaction 
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substance shows no significant change Furthermore, comparison 
of the titers of the two reactions in a senes of patients shows that the 
titers do not parallel each other Such results were perhaps to be 



Chart 5 Effect of AOTisYpmurrc Treatment upon Auto-hemoltsin, W R 
AND Symptoms Patient L 0 
SjTnbols as m Chart 4 


expected from the dissimilanty of the effects of temperature upon 
the two substances - 

-Burmeister reported experunents in which he found that absorption of par- 
on smal hemoglobinuria scrum bj ei^dhroGj-tes removed both the auto hemol>sin 
and the assermann reacting substance In view of the opposite results of Jtloro 
and Xoda (12), hlatsuo (10) and Kaznelson (13) and those reported m this paper, 
Burmeisteds conclusions should not be accepted without confirmation 
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Certain very striking vasomotor phenomena are often observed 
dunng paroxysms of this disease (14) Two of the five patients had 
Raynaud’s syndrome during attacks, one of these was found to have a 
systohc blood pressure of 2S0 mm Hg dunng a spontaneous paroxysm 
His usual systohc pressure was 140 to ISO mm Hg 



Symbols as in Chart 4 

When a paroxysm of hemoglobinuna is artificially induced (Rosen- 
bach test) by immersion of the hands or feefm ice water there may be, 
m addition to hemoglobmemia and hemoglobmuna, changes in blood 
pressure, temperature and the leucocyte count, the cnse hemoclasique 
of Widal Chart 1 shows the results of such an experiment The 
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total white count and the percentage fii polymorphonuclears show an 
abrupt drop after the feet have been in ice water for a few minutes 
Synchronous with the decrease m polymoiphonuclear cells there is an 
increase m the percentage of lymphocytes After one to two hours 
the leucocytes return to normal, and this may be followed by a 
leucocytosis due to an mcrease above normal of the polymorphonuclear 
cells (chart 2) The blood pressure may be unaffected or may show a 
gradual increase over a penod of about two hours foUowmg the 
chillin g (chart 1) Charts 2 and 3 are examples of larval attacks 
artifiaally mduced In these experiments hemoglobmerma occurred 
but there was no hemoglobinuna. Nevertheless, the charactenstic 
changes in the blood picture were observed 

The five patients on whom observations have been made were aU 
given anti syphihtic treatment (15) Two of these patients did not 
return with suffiaerit regularity to receive adequate treatment The 
results of treatment on the other three patients are shown in charts 
4, 5, and 6 It is perhaps noteworthy that the patient (G C ) receiv- 
ing the most intensive treatment showed the most prompt cessation 
of symptoms and the earhest disappearance of the Donath and Land- 
steiner and the Wassermann reactions, even though the Donath and 
Landsteiner had a higher titer in this patient than m any other patient 
of the senes 

Table 1 summarizes some of the chmcal, serological and therapeutic 
observations on the group of patients studied 

SUMMARY 

Paroxysmal hemoglobinuna is a manifestation of late syphihs, it is 
characterized by the presence of an extremely labde serum auto- 
hemolysin which is distmct from the Wassermann reactmg substance. 
Umon of the hemolysm with the red blood cells occurs only at low 
temperatures, short chilling is more effective than long penods at low 
temperatures, the auto hemolysin and the iso-hemolysm are probably 
identical COj has been reported to act as a substitute for chdlmg 
but such an effect was not demonstrable in the patients of this senes 
Artificial production of a paroxysm causes hemoglobmemia with or 
without hemoglobmuna, frequently a sudden drop m the total white 
count and the percentage of polymorphonuclear cells with a subsequent 
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leucocytosis and increase of the percentage of polymorphonuclears, 
an elevation of blood pressure and a nse in the temperature In- 
tensive anti-luetic treatment may be expected to cause cessation of 
symptoms, disappearance of the auto-hemolysin and conversion of a 
positive to a negative Wassermann reaction in the order named 

TECHNIQUE 

Our routine method of domg the Donath-Landsteiner reaction has been to draw 
blood from an arm vein, allow it to clot at room temperature, to separate the serum 
by centnfugalization as soon as coagulation was complete and to set up the test 
immediately In a few instances the serum was kept m the ice box over night 
and the test set up 18 to 24 hours after drawing the blood The rapid detenora- 
tion of the lysm of some of these patients even at ice box temperature, however, 
makes it advisable to set up the test as soon as the serum has been separated A 5 
per cent suspension of red blood cells was used unless there was a special reason 
for a heavier or hghter suspension The suspension was prepared by washmg 
citrated blood three times with a large volume of 0 85 per cent NaCl and suspend- 
mg the packed cells m 0 85 per cent NaCl Owing to the thermolability of some 
of these lysms the serum was used without heatmg, but to insure the presence of 
adequate complement fresh pooled gumea pig serum diluted 1 10 was added 
The volume w as made up to 0 5 cc with 0 85 per cent NaCl The chilling w as 
accomplished by placmg the tubes m finely crushed ice The usual time for 
chilhng has been 10 mmutes The warmmg of the tubes w as done by planng them 
in a water bath at S1°C 

Six protocok illustrating the technical procedures followed m studying some of 
the questions referred to m the text are mcluded These are representative 
of a large number of similar experiments performed dunng the penod of nine years 
that the patients of this senes have been studied 
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A QUANTITATIVE METHOD FOR THE ESTIMATION OF 
PEPSIN 

By W SCOTT POIXAND and ARTHUR L, BLOOMFIELD 
(Front the Department oj Medicine Stanford University MedicaJ Schoolf San Francisco) 
(Received for pabUcation October 8, 1928) 

The quantitative estimation ol ferments is beset by many difficulties 
which do not obtain m the case of substances which can be directly 
weighed or measured Since, in the present state of our knowledge, 
ferments can only be recognized through their effects, and since these 
effects vary greatly with many conditions, it has been difficult to 
develop standard methods which possess reasonable accuracy and at 
the same time are not too cumbersome 
The effects of ferment action vary with the tune over which the 
reaction proceeds, the concentration of the substrate and the con- 
centration of the enzyme as well as with other factors Most of the 
methods have been based on the pnnaple of varying one factor while 
others are kept constant, and the strength ol the enzyme is usually 
expressed in terms of the degree to which the substrate has been 
effected The details of the many procedures which have been 
devised may be read in Oppenhehner’s elaborate treatise (1) or in the 
briefer compendium of Waksman and Davison (2) With regard to 
pepsm the usual procedure has been to allow decreasing quantities of 
ferment (gastnc juice) to act on a umform amount of substrate (such 
as a soluble protein) over a standard length of time and to determine 
the smallest amount of ferment which completely digests fas digestion 
may be defined) the umt of substrate Thus, if 0 01 cc of ferment 
completely digests the umt of substrate it is assumed that 1 cc of 
ferment has the power of digesting 100 umts As vanous workers 
have shown, however, this assumption is entirely erroneous (3) since 
activitj does not vary m direct proportion to the concentration of 
ferment Methods based on this general plan must therefore be 
discarded Northrup and Hussey recently have pointed out (4) that 
the time required to cause a given percentage change m the viscosity 
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of a solution of substrate is nearly inversely proportional to the 
amount of enzyme present On this basis they have developed a 
practical method for the measurement of peptic or tryptic activity 
Speaal precautions are necessary, however, in the preparation of the 
substrate 

The present method, which was devised during the course of studies 
of peptic activity of gastric jmce subsequently to be reported, is in 
accord with the estabhshed pnnaples of ferment action and in practice 
has been found to be reasonably simple and accurate In bnef, 
increasmg dilutions of ferment (gastnc jmce) are allowed to act on a 
uniform amount of substrate (soluble protein) for a umform length 
of time (one-haLf hour at 37°C) Instead of determimng the greatest 
dilution which gives complete digestion the percentages of substrate 
digested by vanous dilutions of ferment are estimated From these 
figures a curve can be constructed which shows at its peak the 
maximum degree of ferment activity imder the conditions of the 
experiment 


PROCEDURE 

A standard solution of protem (substrate) is prepared as follows 
2 grams of edestin (Speaal Chemicals Company, Waukegan, HI ) are 
placed in a small beaker To this is added, without stimng, 50 cc 
of 0 3 N hydrochlonc aad The mixture is placed in a water bath 
(100°C ) for one-haK hour Occasionally a nunute residue of undis- 
solved edestm remains This is filtered off with gauze and dissolved in 
10 cc of aad which is then added to the edestin already dissolved A 
few drops of thymol blue are next introduced as indicator and 20 cc 
n/10 banum hydroxide are added The mixture is then placed in a 
100 cc volumetnc flask which is filled to the 100 cc mark by adding 
n/100 HCl The reaction is tested colonmetndly and adjusted so 
that the final mixture is a 2 per cent solution of edestin with a pH 
of approximately 2 0 This mixture may be kept on ice apparently 
unaltered (see below) for at least several weeks It should be well 
shaken before bang used 

In a senes of small test tubes maeasing dilutions of ferment (gastnc 
jmce) in n/IOO HCl are set up The ratio of successive dilutions may 
be as 1 2 4, etc , or otherwise as desired In any case the total 
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volume of diluted ferment m each tube is 1 0 cc Five tubes con- 
taining 1 0 cc of n/100 HCl but no ferment are added to the senes 
as controls To each tube 1 cc of the edestm solution is nevt added 
and the tubes are then shaken and placed in the vater bath at 37 "C 
for exactly one-half hour Throughout the procedure accurately 
cahbrated volumetnc pipettes are used and the digestion is tarried 
out at approximately pH 2 0 After incubation 1 cc of 15 per cent 
tnchloracetic acid is added to each tube Unless complete digestion 
has taken place the remaimng unspht protein is precipitated The 
contents of each tube are next transferred to a specially graduated 
centnfuge tube and the volume is made up to a total of 6 5 cc The 
tubes have a capillar}'^ stem accurately graduated to 0 01 cc ^ The 
tubes are next allowed to stand for s*everal hours or preferably over 
mght at room temperature to allow sweUing of the precipitate to come 
to an eqmlibnum and they are then centnfuged at 1600 revolutions 
for exactly 10 minutes An automatic tirmng device attached to the 
centnfuge is very convenient The bulk of the precipitate in the 
control tubes and in the test tubes is then read on the scale and the 
degree of digestion which has taken place with each dilution of 
ferment can be expressed in percentages in relation to the control 
If, for example, the average of the control tubes which contained no 
ferment shows a precipitate to the 0 30 mark and if the tube containing 
1 cc of ferment shoi\s precipitate to the 0 15 mark and if the control 
tube represented 300 mgm of edestm, then 1 cc of ferment has 
digested ^ = 150 mgm of edestm. The calculations can best 

be demonstrated by an illustrative protocol 

Efxpcnvicui 1 Increasing dilutions of a solution of commercial 
pepsin (Squibb’s) in n/100 HCl were set up as show n in the protocol 
(table 1) To each tube 1 cc of a 2 per cent solution of edestm m 
n/100 HCl was then added, the tubes were incubated m the water 
bath at 37°C for 30 rmnutes, tnchloracetic acid was added and the 
tubes were centnfuged The second column (readings of protein 
precipitated) shows the reading of the height of the undigested 
precipitated protein in the capillar}’’ stem of the graduated centnfuge 
tube The figures m the third and fourth columns are self-evident 

' This tube de\ iscd b\ Dr Thomas Addis for measunng small amounts of 
prcapilate IS made b\ the H Thomas Compan\ , fScc fig 1) 
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Chart 1 Curve Showing Amounts of Edesten (Milligrams) Digested b\ 
1 cc OF 1 Per Cent Pepsin Solution under Various 
Conditions of Dilution 
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The last column gives the actual number of milligrams of edestm 
digested in each tube multiphed by the dilution of pepsin so that the 
final results are all expressed in terms of digestive pov er of 1 cc of 
undiluted 1 per cent pepsin solution They are shov n graphically in 
chart 1 by plottmg the total amount of edestm digested b}’’ 1 cc of 



Chart 3 CTrR\TES Shov'i>g Titration of Pepsin in Gastric Juice Obtained 
Before and After Histamine STniuLATiov 

pepsm m \ anous dilutions against the dilution It is evident that as 
the dilution of pepsin is increased relatively more digestion takes place 
until a certain optimum point (the peak of the curve) is reached 
Beyond this peak further dilution of pepsm is followed by an abrupt 
lessemng of digestive pow er If one determines bj the abo\ e method 
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enough, points to construct a curve it is evident that the high point 
will indicate the optrmum digestive power of the specimen under 
consideration and will allow comparison with other speamens ex" 
amined in the same way 

Expermenl Z Chart 2 and table 2 show the results of another 
experiment made with a sjiecimen of gastric jmce obtained after 
histamine stimulation from a normal human stomach The shape of 
the curve is similar to that obtamed m experiment 1, and indicates 
that under optimum conditions 1 cc of the gastnc jmce m question 
digests about 1250 mgm of edestm One cubic centimeter of a 1 per 
cent solution of commeraal pepsin, on the other hand (experiment 1), 
digested only about 242 mgm, of edestm The activity of the two 
spieomens may therefore be compared, the relation bemg as 242 1250 

In work with normal human gastnc jmce we have found that in 
order to construct a satisfactory curve ten tubes are necessary, 
beginning with a dilution of 1 16 which is mcreased by 1/4 in each 
successive tube In anaadity cases m which pepsm is diminished it is 
necessary to begm with the undiluted juice, but mcreasmg dilutions 
m the ratio of 1 2 are adequate Chart 3 shows the results with 
specimens of pure gastnc juice obtamed from the same person before 
and after histamine stimulatioiL Curve 1 is from a specimen before 
histamine, curves 2, 3 and 4 are from specimens obtained 30, 40 arid 
50 rmnutes after histamme. The optimum digestive power of 1 cc 
of juice from the vanous specimens is, in terms of miUigrams of edestm, 
682, 611, 521 and 452, figures which may be directly compared 

CONTROL TESTS 

1 Repeaied tests with the same stibstraie to test tfs stability A lot of 
substrate was prepared according to the method outhned above. At 
weekly intervals it was tested against a solution of pepsin freshly 
prepared from the commeraal powder Chart 4 shows the results of 
the three tests which were practically identical One may conclude 
that the substrate remains essentially unaltered over a penod of at 
least two weeks 

2 Two lots of substrate were prepared and tested with the same 
pepsin solution at the same tune The results shown in chart 5 
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Chart 4 Titration of Pepsin against the Sajie Lot of Substrate at Weekly 

Intervals 



Chart 5 Titration- of Pepsin against Two Lots of Sobstrate 
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indicate that vanous lots of substrate are essentially identical and may 
therefore be used in comparative tests of peptic activity 
It IS difficult to estimate in mathematical terms the exact degree of 
accuracy of the method As is the case with all ferment titrations, 
unless the most accurate physical chemical methods are employed, a 
certam amount of error is unavoidable Our controls mdicate that 
this error is usually not over five per cent 

SOltMAIiy 

A method for comparing the pieptic activity of specimens of gastnc 
jmce which eliminates certam fundamental errors of some of the older 
methods is described. In the followmg paper the results of the 
apphcation of the method in the study of gastnc physiology are 
exposed. 

BIBUOGRAPHV 

1 Oppenheimer, C , Die Fennente und ihre WUkungen Vol II Ltipsic, 1926 

2 W a k iuniui, S A , and Dnvljon, W C , Eniymes, Propertiej, Distribution, 

Methods and Applications. Baltimore, 1926 

3 Northrup, J H , The Dynamics of Pepsm and Trvpsin The Harvey Lectures, 

1925-26, p 36 

4 Northrup, J H , and Hussey, R G , J Gen Phyaioi , 1922-23, v, 353 A 

Method for the Quantitative Determmation of Trypsm and Pepsm 




QUANnTATIVE MEASUREMENTS OF PEPSIN IN GASTRIC 
JUICE BEFORE AND AFTER HISTAMINE 
STIMULATION 

W SCOTT POIXAND and ARTHUR L. BLOOMFIELD 
{Prom lla Deparlmtnl of Ucdiatu, Stanford Vnimity UedKol School, San Franaico') 
(Received for poblic&tion October 8, 1928) 

While the chlonde and other inorganic constituents of the gastric 
juice have been thoroughly studied by many workers, few observations 
on pepsin are on record. The madequacy of knowledge about t h is 
substance is doubtless due to lack of suitable methods i n asmuch as 
accurate pepsm determinations, as a rule, have not been available in 
the chmc In another paper (1) we have descnbed a quantitative 
method for the estimation of pepsm which has been foilnd to be 
serviceable and fairly accurate and the present report deals with the 
apphcation of this procedure to the study of gastric secretion in 
patients 

During the course of analyses of pure gastnc jmce, obtamed both 
with the stomach at rest and after histaimne stimulation, it was found 
(2) that the secretion of various constituents did not run parallel with 
one another Concentration of chlonde and total output of chlonde 
rose after stimulation but concentration of mtrogen and of fixed base 
fell although the total output was somewhat increased at the height of 
secretion With regard to pepsin, then, we desired to detenmne 
(o) the actual amounts put out by normal people and those with 
gastnc disease, and (6) whether there was a quantitative relation 
between the curve of pepsin secretion and that of other elements such 
as mtrogen No data bearing on either of these points were found 
m the hterature since such pepsin estimations as are recorded have 
usually been made on mixtures of gastnc juice and test meal and not 
on pure gastnc juice The true relations are therefore obscured 
Lim, Matheson and Schlapp (3) report some observations on pepsin 
before and after histamme stimulation by estimating the time neces- 
sary to digest an egg white suspension They state that the concen- 
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PEPSIN BEFORE AND AFTER HISTAMINE 


tration is usually little altered after stimulation although it is some- 
times greatly increased and that no defimte relationship has been 
found with the other constituents of the gastnc juice This is at 
variance with our findings 


PROCEDURE 

The subjects were all in bed in the hospital After an over-mght 
fast, a duodenal tube was inserted into the stomach and the fasting 
contents were withdrawn The total secretion over ten-imnute 
penods before and after an injection of histamine (0 1 mgm per 10 


TABLE I 
Data from Cast I 


1 

! 

Volmne I 


Titratable 

addity 

Nltrosen 

concen 

tiation 

Pepsin 

of 1 
sped- 
men 

Apjjtarance 

Free 

Total 

Mgm 
edestin 
digested 
by 1 ecof 
Juice 

Total 
ingin di 
nested per 
lO minute 
period 

ce 

35 

13 

Clear — some mucus (fastmg contents) 
Clear, limpid, some mucus 

1 

25 

' 35 

mtm per 
JOOcc 

90 8 

735 

9,490 


Histamine 0 6 mgm 


10 

Clear, thm, some mucus 

85 1 

K1 

106 

1,540 

15,300 

39 

Clear, thin, some mucus 

114 

til 

59 8 

1,240 

48,750 

32 i 

Gear, thin, some mucus 

126 

132 

42 2 

790 

25,600 

j 

Part of specimen bile stamed 

128 

132 




24 1 

Gear j 

128 1 

132 

42 2 


16,500 


kilos body v eight) was then collected exactly as previously descnbed 
(2) The follotsing determinations were made (a) titratable aadity, 
(5) pepsin, and (c) total mtrogen Titratable acidity was determined 
with di-meth}l in the usual way, total nitrogen (Kjeldahl) is expressed 
in miUigrams per 100 cc , and pepsin in terms of the number of imlli- 
grams of edestin digested by one cubic centimeter of gastnc juice in 
30 minutes 

RESULTS 

Case 1 A man, age 27, vias con^ale5cent from a mild acute 
ententis He v as to all intents and purposes v ell and had ne\ er had 
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any symptoms of gastnc disease The results of the examination are 
shown m table 1 and chart I The volume of secretion, the aad 



Chakt 1 CuEVES OT NrrsooEN and Pepsin Concentrations peou Case 1 at 
Ten inNUTE Inteevaes Befoee and Apiee Histauine 


values, and the mtrogen values which show the typical fall in con- 
centration after stimulation were all normal The degree of peptic 
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activity IS measured in terms of milligrams of edestm digested by 1 cc 
of juice It is seen that the concentration of pepsin not only falls 
after stimulation in spite of mcreased volume of secretion, but that the 
curve of pepsin concentration at vanous intervals almost parallels 
that of mtrogen when both are reduced to a corresponding scale by 
multiplying the mtrogen values (milligrams per 100 cc ) by 15 Unless 
otherwise mdicated, nitrogen values are expressed in this way in all 
the charts 


TABLE 2 
Data from case 2 


1 

1 

\ olmue 


'Iitralable 

nadity 

NItrosen 

concen 

tration 

Pepsin 

of 

fpcci 

men 

Appearance 

Frte 

Total 

Mgm 
edestm 
digested 
b> 1 cc of 
juice 

Total 
nigm dt 
Rfsted per 
10 minute 
period 

cc 




Dfm ter 
100 ce 



20 

Cobrless, mucoid 






18 

Colorless, mucoid 

45 

69 

102 0 

1,730 

31,140 


Histamine 0^ mgm 


la 

Thm, colorless, some mucus 

86 

M 

81 0 


24,150 


Thin, colorless, some mucus 

115 

mm 

58 5 


18,540 

19 

Thin, colorless, some mucus 

120 

■gf 

49 5 

860 

16,340 

15 

Thin, colorless, some mucus 

126 

138 

61 5 

977 

14,620 

11 

Thm, colorless, some mucus 

118 

130 

63 0 


11,110 


Case 2 A man, age 24, East Indian, entered the hospital for 
nen'ousness No eindences of orgamc disease of any sort uere 
found The results of the examination are shovm m table 2 and chart 
2 The volume of secretion, the aadity and the mtrogen output v ere 
all normal As m case 1, the concentration of pepsin fell markedly 
after stimulation and paralleled the fall in mtrogen concentration \cry 
closely 

Case 3 A man of 23 years, entered the Hospital for minor com- 
plaints and shoved no e\adence of orgamc disease The volume of 
gastnc secretion vas rather high but not abnormal, acidity and 
mtrogen were within the usual range Here again, after stimulation. 
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there was a striking fall in concentration of pepsin b hich ran parallel 
to the fall in nitrogen (table 3, chart 3) 

Case 4 A man, age 19, had disseminated lupus er}d;hematosus 
There were no gastnc symptoms nor e\adences of disease of the 
stomach The volume of secretion, acidity and concentration of 
mtrogen were within normal limits In this case again the con- 
centration of pepsin fell after stimulation and paralleled the mtrogen 
concentration although the curves do not correspond as closely as in 


TABLE 3 
Data from case 3 


\ olume 


Ti tin table 
aaditj 

Xitroecn 

concen 

tration 

1 

Pepsin 

of 

5pea 

men 

Appearance 

1 

Free 

1 

Total 

Mem 
edesUn 
digested 
by 1 cc. of 
juice 

Total 
mgm di 
gested per 
10 minute 
period 

cc 

1 



mgm ptT 
lOOtc 


1 

23 

Slightly bile tinged fluid some mucus 






8 

Colorless — some mucus 

35 

52 

112 5 

1,495 

11,960 


EGstamme 0 6 mgm 


12 

Colorless — considerable mucus 


90 

127 5 

2,075 

24,900 

23 

Water clear fluid 

l&l 

116 

58 5 

1,220 

28,060 

42 

Water clear fluid 


126 

46 5 

720 

30,240 

32 

Water clear flmd 

■19 

122 

36 0 

605 

19,200 

31 

Water clear fluid 

103 

112 

46 5 

660 

20,460 


the three previous cases The maximum concentration of pepsin, 
furthermore, is considerably loner than in cases 1, 2 and 3 

Case 5 A man of 32 had a penetrating ulcer of the lesser curv'ature 
of the stomach The acidity was n ithin normal limits but the volume 
of gastnc secretion was distmctly high The pepsin concentration 
again runs parallel to the mtrogen concentration but is lower than m 
the normal cases 1, 2 and 3 The low concentration of pepsin is 
largely explained by the high ^ olume of secretion, the total output of 
pepsin IS not low (see chart 9) 

Case 6 A man, age 32, was con\aIescent from a mild attack of 
influenza There were no digesU\e sj-mptoms and the temperature 
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had been normal for several days at the tune of the test The findmgs 
on gastric analysis were of mterest since the aad values were distinctly 
low, while the volume of secretion was well above the average Fur- 



CnAKT 3 Curves of Nitrogen and Pepsin Concentration prou Case 3 at 
Ten inNUTE Intervals Bepore and Aptee Htstaiune 

theimore, the gastric juice was unusually viscid and it was suspected 
that the nitrogen values would be high The concentration of pepsin 
was distmctly lower than in cases 1, 2 and 3, but showed the usual drop 
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TABLE 4 
Data from case 4 


\ olume 

! 

Titra table 
aaditj 

NitroECn 

concen- 

tration 

Pepsin 

of 

spea 

men 

Appearance 

Free 

1 

Total 

1 

Mem 
edesUn 
diRcsted 
by 1 CC. of 
Juice 

Total 
mgin dl 
gestedper 
10 minute 
period 

cc 

50 

Bile stamed, mucoid 

1 


mfm per 
100 a 



22 

Thm fluid, sbglitly bile tmged, 
mucoid 

35 

50 

75 0 

680 

14,960 


Histamine 0 6 mgm 


16 

Thin fluid, faint brownish (blood) 

35 

50 

84 0 

950 

15,200 

20 

tinge 

Thin fluid, famt brownish (blood) 

110 

110 

53 4 

870 

17,400 

26 

tinge 

Thin fluid, famt brownish (blood) 

135 

145 

42 6 

750 

19,500 

1 

16 

tinge 

Thin fluid, famt brownish (blood) 

130 

140 

43 5 

530 

8,480 

10 

tmge 

Thm fluid, famt brownish (blood) 

118 

125 

i 

55 0 

810 

8,100 


tmge 







TABLE 5 
Data from case 5 




Tilra table 
aadily 

Nitrogen 

concen 

tratloQ 

Pepsin 

Of 

spea 

men 

Appearance 

Free 

Total 

Mgm 
edestln 
digested 
by 1 cc. of 
Juice 

Total 
mgm dl 
gestedper 
10 minute 
period 

cc 

30 

22 

1 Thm flmd, \er> shght bile tmge — 
some mucus 

Colorless fluid, some mucus 

94 

1 

100 

mjm ptr 
200 u 

52 5 

365 

i 

8,030 


Histamine 0 6 mgm 


26 I 

ater clear fluid 

86 

93 1 

29 4 

405 

10,530 

3S ! 

^^ater dear fluid 

119 

124 

43 5 ! 

595 

22,610 

55 ' 

Water dear fluid 

126 

130 j 

35 1 

3S0 1 

19,250 

45 

Water dear flmd 

128 1 

133 1 

1 28 5 

345 j 

: 15,525 

35 

Water clear fluid 

1 

118 ! 

125 1 

I ' 

I 27 9 

1 290 j 

10,150 
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after stimulation The curve also ran parallel with mtrogen concen- 
tration but w hen the mtrogen values were charted as m the previous 



Chart 4 Curves op Nitrogen and Pepsin Concentration frou Case 4 at 
Ten uinute Interials Before and After Histajiine 

cases (N mgm per 100 cc X 15) a wide gap between the two curv es is 
seen In other words, while a relation between mtrogen and pepsin 
seems hkelv there is relatii elj much more mtrogen present than usual 


TTfE JOcn\ u, or cltctcal iVTEsnoxnosf rot., m KO X 
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DISCUSSION OF CASES 1-6 

The first point which becomes evident from the preceding charts is 
the necessity of interpreting the concentration of pepsin in relation 
to the secretory activity of the stomach Clearly, a determination of 
pepsin on a single speamen aspirated after a test meal gives only the 
most rudimentary sort of information In case 3, for example, the 
digestive power of a cubic centimeter of juice was nearly 2100 mgm 



Chart 5 Cor\'es of Nitrogen and Pepsin Concentration from Case 5 at 
Ten-minute Intervals Before ant> After Histamine 

of edestin 10 minutes after stimulation, 30 minutes later it vas only 
600 mgm The most striking pwint in all the curv'es is the fall in 
concentration of pepsin at the height of secretion This is to some 
extent explained by dilution from increased output of vater at this 
time but as appears from chart 9 the total amount of pepsin secreted is 
actually increased The actual values both for concentration and 
total output of pepsin xarj' considerably in the si\ cases Many 
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more examinations would be necessary to define accurately normal 
standards but tbe limits are mdicated. 

The parallelism between the curves of pepsm and mtrogen con 
centration suggests strongly that pepsm is secreted in combmation or 
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Data from case 6 
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TABLE T 


Relciion of addiiy to pepsin concentration of ^uiricjiuce 
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Hlfheit addlty ' 

Elfhctl cooceatntioQ pep*la 
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135 
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1 
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1,540 

5 
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2 
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1,730 

3 

121 

2,075 

6 

63 

860 


m assoaation with some mtrogenous body It is equally clear that 
there is no close correlation between the aadity of the gastric jmce and 
Its peptic activits (see table 7) 
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T\BtE 8 
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TABLE 9 
Data from coit 8 
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OBSERVATIONS IN GASTRIC DISORDERS 

The following observations, made in patients with evidence of 
defiaent gastnc secretion, bnng out certain points of importance m 
contrast to the preceding group 



Chaet 7 CuE\'ES or Nixkogev a-vd Pepsls Concentration from Case 7 at 

TEK-inNUTE tlTER^AIS BEFORE A^^) AfTER HtSTAillME 

Case 7 A man, age 57, was imder treatment m the Hospital for 
sprue Routine fractional gastnc analyses shoved the presence of 
HCl m the stomach contents but only in small amount The ob- 
serv’ations are summarized in table 8 and chart 7 The gastnc aadity 
e\'en after histamme stimulation is lov but the volume of secretion is 
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not remarkable The concentration of pepsin is much lo^\er than in 
the normal cases and it neither show s the typical drop after stimulation 



CiL\i-T 9 Total Oltplt of Pfpsr. per Pfriod Befopf \nd 

VFTEP HlSTAJin'E 

nor docs it follo\\ the mlrogen cur\ e The total output of pepsin is 
also lou 
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Case S A woman, age 57, had been under observation for four 
years with permaous anemia The findings were typical find recently 
there had been a good response to kver feeding although at the time 
of the present test there was an anaadity even after histamme stimula- 
tion The results are shown in table 9 and chart 8 The usuaj almost 
complete absence of secretion is evident However, m spite of the 
anaadity the small amount of jmee obtained showed definite though 
diminished peptic activity , the concentration of pepsih being toughly 
one tenth to one twenty-fifth normal There was no relation between 
the mtrogen and pepsin cur\ es and the total output of pepsm (chart 9) 
was, of course, small — appronmately one hundredth normal 

Case 9 A man, age 72, had an advanced cancer of the stomach 
with asates and masses in the hver When exammed it was possible 
to obtain only small amounts (see table 10) of a brownish foul flmd 
containing considerable granular debns The specimens were centri- 
fuged and the supernatant fluid tested The flmd itself contained a 
considerable amount of protem preapitable by tncbloracetic aad 
This was measured and a correction was made The table shows that 
even m the presence of an advanced sloughing caranoma with total 
absence of aad, pepsin was still present in readily demonstrable 
amounts 

STTMMAEY 

A senes of observations on the apphcation m the dime of a quantita- 
tive method of pepsm estimation are reported The curves of pepsin 
concentration and of total pepsm output before and after stimulation 
by hista mm e are desenbed In normal people the concentration of 
pepsm falls markedly after stimulation and follows dosely the curve 
of nitrogen concentration The total output of pepsm is usually 
increased 

Aberrations from the normal are illustrated and it is pointed out 
that even m permaous anerma of long standing and m advanced 
cancer of the stomach, some pepsm may still be secreted Estimation 
of pepsm may turn out to be a more dehcate index of gastric damage, 
m certam types of cases, than determinations of aadity 
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STUDIES OF CALCIUM AND PHOSPHORUS METABOLISM* 

n The CAuauM Excretion or Nohmae Individ-oals on a Low 
Caectuu Diet, aeso Data on a Case of Phegnancv’ 

Bv WALTER BAUER,' FULLER ALBRIGHT,* and JOSEPH C AUB 
(From th» IFcdtail Clink aj thi MassacMuseiis General SorpUal, Boston) 
(Received for publication September 14, 1W8) 

As a result of the lead studies earned on in this laboratory (1), 
(2), it has become mcreasmgly apparent that it is important to be able 
to alter the deposition or mobdiration of calaum phosphate m bone. 
A greater knowledge of the factors which influence calcium balance 
has therefore been sought The decision as to the method of ap- 
proaching this problem involved the followmg considerations In 
the first place it was obvious that very httle could be learned by study- 
ing the serum calaum alone, as this merely shows the height of the 
“calaum stream” but gives no mdication as to the direction of its 
flow, mto the excretory channels or into the bones So it at once 
was clear that analyses of calaum mtake and output would be a neces- 
sary addition to the blood studies Furthermore, masmuch as cal- 
aum IS excreted into the bowel as well as into the unne, any figure 
obtamed for fecal calaum would consist of two components, the 
calaum which had passed through the intestmes unabsorbed and the 
calaum which had been absorbed and re-excreted The latter of these 
alone can be thought of as actively takmg part m the calaum metab- 
olism A way of overcommg this difficulty would be to have a diet with 
a calaum intake of zero but adequate in every other respect Smee 
this IS not practicable we adopted a diet with a calaum mtake as low 

‘ Note — ^The title of this senes has been changed from Studies of Inorganic 
Salt Metabolism to Studies of Calcium and Phosphorus Metabolism 

’ The expenses of this investigation were defrayed in part from the Lead Fund 
of Harvard University 

* Medical Resident, Massachusetts General Hospital 

* Research Fellow, Massachusetts General Hospital rmd Harvard Medical 
School 
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as possible and still adequate in caloric, protein, and vitamine re- 
quirements By studying the calcium balance of an individual while 
on such a low calaum intake (about 100 mgm a day), one can deduce 
fairly well the rate of endogenous calaum exchange A further 
advantage of such a teclmique is that, by havipg a very low calcium 
intake, one largely escapes the many vanables which influence cal- 
cium absorption, such as the aad-base values of the diet (3), the amount 
of fat (4) (5) or of vitanune D in the diet, and the amount of exposure 
to ultra violet light Therefore, alow calcium diet has been used in 
observing the calcium excretion of normal and pathological individuals, 
m order to determine factors which caused deviations from the 
normal It is the purpose of this paper to present the data for the 
calaum excretion of some normal people 

NORMAL VARIABLES ^^mICH INFLUENCE CALCIUM METABOLISM 

Other factors which might influence the calcium excretion are (a) 
sex, (b) age, (c) weight or body surface, (d) activity of subject, (e) 
acid-base values of diet, (f) amounts of other cations in mtake, and 
(g) the phosphorus metabohsm 

Sex plays a small but defimte part in the quantitative companson 
of the energy metabohsm Unless its effects upon calaum metab- 
ohsm were of a relatively different magnitude it would be insignificant, 
because the methods available in determming the calcium metabohsm 
are far less prease In our studies it so happens that our control 
determinations are all made on men, whereas many of the pathological 
conditions studied were in women, so that this is a possible source of a 
small error m our compansons 

Again, as in energy metabohsm, it is not unhkely that age affects 
in some measure the rate of the calcium metabohsm Of course 
dunng the penod of bone growth, there must be a marked quantita- 
tive effect on the calcium metabolism In old age the atrophy of 
bone, as seen by x-ray, suggests a possible alteration in the rate of 
the calaum metabohsm Aside from these extremes of life, the basal 
metabohsm remains qmte constant and it is unhkely that there would 
be any marked vanation in the rate of normal calcium exchange 
Our control subjects varied between 19 years and 60 } ears with an 
average age of 41 3 years 
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The size of the individual must play some part m the rate of the 
calaum metabohsm Sherman (6), m an effort to detenmne the 
calcium reqmrement for maintenance m man, found it useful to reduce 
his figures for the calcium excretion, under various madequate mtakes, 
to the calaum excretion per seventy kilograms Possibly the calaum 
excretion per umt of surface area would be theoretically more correct, 
but we have followed the lead of Sherman and have reduced our cal- 
aum excretions and negative calaum balances m our controls to the 
amount per kilogram of body weight However, for comparative 
purposes, we use the figures for the average calaum excretion per 
person per three day penod without reference to waght, and then 
give the average weight of the control subjects 
As regards the activity of the subject and its effect on calaum 
metabohsm, there is httle known In bone the phenomenon of 
atrophy of disuse is a very stnkmg and real one, but as far as we know 
there have been no experiments to show whether this represents an 
altered calaum metabohsm throughout, or merely in the immobilized 
parts of the bod> Experiments are bang planned to determine this 
fact All but two of our controls were patients up and about the 
hospital ward, these two were doctors doing strenuous hospital work 
The ingestion of mmeral aads has been proven to increase the 
calaum excretion (1) (7) (8) (9) (10) (11) Diets in which the mmeral 
aad elements predominate over the fixed base elements also lead to 
decalafication (11) (12) (13) (14) Thus Bogert and Kirkpatnck 
(12) were able to increase the calaum excretion, espeaally that m the 
urme, by changmg the food allowance of potato (a basic substance) 
to nee (an aad substance) The hterature leads one to beheve that 
an excess of alkali also leads to decalafication (15) (16) The modus 
operandi here, however, is possibly due chiefly to decreased absorption 
because of the increased alkahmty of the intestmal contents (3) 
For comparative studies like our own, therefore, the aad base balance 
of the diet should be constant even if not in aad-base equihbnum 
We have not attempted to balance each diet m this respect, but 
have been content to use a \er> limited number of food substances, 
beheving that, in this nay, the acid base values would be fairly 
constant In order to estimate the variation of our diets m this 
respect we have shown in table 1 and figure 1 the acid and base ele 
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as possible and still adequate in calonc, protein, and vitamine re- 
quirements By studying the calcium balance of an individual while 
on such a low calaum intake (about 100 mgm a day), one can deduce 
fairly well the rate of endogenous calcium exchange A further 
advantage of such a technique is that, by havu)g a very low calaum 
intake, one largely escapes the many vanables which influence cal- 
cium ahsorphon, such as the aad-base values of the diet (3), the amount 
of fat (4) (5) or of vitamine D m the diet, and the amount of exposure 
to ultra violet light Therefore, a low calcium diet has been used in 
observing the calaum excretion of normal and pathological individuals, 
m order to detemune factors which caused deviations from the 
normal It is the purpose of this paper to present the data for the 
calaum excretion of some normal people 

NORMAL VARIABLES VUUCH INFLUENCE CALCIUM METABOLISM 

Other factors winch might influence the calaum excretion are (a) 
sex, (6) age, (c) waght or body surface, (d) activity of subject, (c) 
acid-base values of diet, {f) amounts of other cations in mtake, and 
(g) the phosphorus metabohsm 

Sex plays a small but definite part in the quantitative companson 
of the energy metabohsm Unless its effects upon calaum metab- 
ohsm were of a relatively different magmtude it would be insignificant, 
because the methods available in determming the calaum metabohsm 
are far less prease In our studies it so happens that our control 
determinations are all made on men, whereas many of the pathological 
conditions studied were m women, so that this is a possible source of a 
small error m our comparisons 

Again, as in energy metabolism, it is not unhkely that age affects 
m some measure the rate of the calcium metabohsm Of course 
dunng the period of bone growth, there must be a marked quantita- 
tive effect on the calaum metabohsm In old age the atrophy of 
bone, as seen by x-ray, suggests a possible alteration m the rate of 
the calaum metabohsm Aside from these extremes of life, the basal 
metabohsm remains qmte constant and it is unhkel}^ that there would 
be any marked variation in the rate of normal calaum exchange 
Our control subjects varied between 19 years and 60 3 ears wnth an 
average age of 41 3 years 
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(17) and Clark (18) The values m diets C, D, and E, except for 
sulphur and chlorine, were also checked by actual determination, so 
that the calculated and actually detennmed values can be com- 
pared The value of each aad or base element was reduced to cubic 
centimeters of tenth normal solution, phosphonc aad bemg considered 
divalent (17) The total aad value thus obtained was then com- 
pared with the total base value and the aad or base balance value 
noted (see table 1 and figure 1) It will be seen that all five diets 


TABLE I 

Aad'6<iS€ properttez of jive typical dids^ 
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DUt 

A 

DUt 

B 

DIetC 

DUtD 

DUtE 

1 

1 

1 

1 

1 

1 

Caldum 

56 

41 

66| 

52 

55 

43 

35 

31 

iMagDCsiain 

230 

16S 

215 


196 


118 


PotaBshita 

774 

533 

882 


781 


446i 


Soditim 

495 

419 

525 


Biiiii 


312 


Total base 

1 555 

1 161 

1,688 

2 026 

BBS 

1,647 

911 

1,223 

Phosphorus* 

762 

453 

735 


■BS! 

mm 

375 

369 

Chlorine 

454 

391 

453 


380 


272 


Snlpbur 

679 

424 

793 


557 


387 


Total fixed aad 

1,895 

1 268 

1,981 


1,467 


BBS 


Excess add r 

340 

HQ 

293 


35 


123 


Calories 

2,874 


3,051 


2,345 


1,421 



* CAlculAled AB divtlesiL 

t All figures in cubic centimeters of n/ 10, except cniotles. 


had an excess of aad over base — the most aad diet having a net 
aad Value of 340 cc of tenth normal and the least aad a net aad 
value of 35 cc of tenth normal These variations do not seem 
excessive The calculated values agree fairly well with the actually 
determined values The total base values actually determmed are 
higher than the calculated ones, due probably to the amount of 
salt allowed m the diet ‘ The total aad-base metabolism is also 

* The effect of add and base eiceaseB in the diet have been thoroughly studied 
and will be reported in a subsequent paper in this senes 
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ments of five diets Diets A and B are two of the actual diets used 
by two of the control patients, the patient eating diet A had the 
highest unnary calaum excretion of any of the control patients, and 
the patient eating diet B had one of the lowest unnary calaum ex- 



Fig 1 


cretions Thus it was beheved that here, if anywhere, we would find 
a discrepancy between the aad-base values of the diets 
Diets C, D, and E happen to have been used in later e^qienments, 
though they are similar to those used in these controls The values 
for the aad and base elements are taken from Sherman and Gettler 
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doing hospital work We have in all forty set three-day penods on 
these controls No penod was used unless the subject had had a 
fore penod on a low calaum diet (about 100 mgm a day) of at least 
36 hours, or unless at least three days had passed since any medication 
such as potassium iodide had been used The details of the prepara- 



Fic 2 Calcium Balance of 13 Contbol Subjects on a Low Caloou Diet 
Line 1 represents ai'erage urlnan calaum excretion, line B aiTrage caldum 
intaLe, line C acerage total calaum excretion The distance BC, therefore rep 
resents the average negative caldum balance 


tion of the diet, the collection of the excreta, and the methods of 
analysis have been given in a prenous paper (24) The data are pre 
sented m table 2 and figure 2 The penods from each subject have 
been grouped together but they are not necessanly consecutive penods 
The subjects themsehes ha\e been arranged in order of their weights 
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dependent upon the nitrogen balance of the subject, for if the sub- 
ject IS in negative nitrogen balance, one should add to the acid-base 
values of the ingested food, the acid-base values of the tissue 
destroyed Thus in every subject whose calcium metabohsm is being 
detemuned, one should know the mtrogen balance This we have 
done throughout our studies, except in our controls where only two 
were studied from this aspect It may be said, however, that the 
controls were receiving more than a gram of protein per kilo per day, 
were not losmg weight and therefore a negative mtrogen balance, 
if present, must have been small 

Because of the various inter-relations which the cations, calaum, 
magnesium, sodium and potassium have (14) (19) (20) (21) (22), 
in a study of any one of them, it would be desirable that the mtakes 
of all the others be absolutely fixed To what extent this has been 
the case in five of our diets can be seen by again refernng to table 1 
and figure 1 

Calcium metabohsm is inseparably linked with phosphorus metab- 
ohsm Most of the calaum retamed m the body is usually assumed to 
be in the form of tertiary calaum phosphate deposited m the bones 
Phosphonc aad (mgested ather as such or as the acid phosphate) pro- 
duces marked decalcification (11) Neutral sodium phosphate injected 
into the blood stream also causes an increased calaum excretion (23) 
So, under ideal conditions, quantitative calcium metabolism studies, 
if to be used for companson with other expenments, should have a 
constant phosphorus intake We have not attempted to do this but 
have been content with the vanations which our small menu allowed 
Table 1 and figure 1 show the actual vanation found in five of our 
diets As in the discussion of the acid-base values of the diet, it must 
be pointed out here that unless the subject is in mtrogen equilibnUm, 
the phosphorus m the diet really consists of the phosphorus ingested 
plus the phosphorus hberated from the destruction of body protein 

EXPERIMENTS 

Studies have been made on thirteen individuals Eleven of these 
were convalescing from industnal lead poisomng, but w'ere otherwise 
normal We have no reason to suppose that lead poisomng affects 
the rate of calcium metabolism The other tw o subjects were doctors 
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TABLE 2-~CtnUiutiJ 
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RESULTS 

It will be seen from table 2 and figure 2 that there is considerable 
vanation in the calaum excretion not only among difierent individ- 
uals but also among different penods of the same mdividual This 
vanation could probably be reduced by a more ngid standardiza- 
tion of the aforementioned normal factors which influence calaum 
metabolism However, these figures give us an mdication of the 
amount of calaum which a normal person will excrete on a low calaum 
diet and their average will be used for future compansons Atten- 
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TABLE 2 

Calcium studies tn “normal” controls 
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Total 

Subject 






e 

u 



calcium 

Age 







eicretion 




Penod 

C 

P 

8 

8 

a 

3 2 

Intake 

Balance 

per 

kilogram 



tim 

f 

20 

0 15 

m 

0 6S 

0 299 

-0 35 

frams 

) 

J P 

60 

40 { 

5 

0 19 

0 42 

0 61 


-0 32 

0 016 



1 

9 

0 25 

0 39 

0 64 

0 336 


1 




2 


0 35 

0 39 

HI 


1 




3 

filg 

0 44 

0 49 

0 246 

-0 24 


w c 

19 

48 

4 

0 17 

0 21 

0 38 

0 246 

-0 13 

0 010 




5 

0 19 

0 37 

0 56 

0 246 

-0 31 





6 

0 11 

0 51 


0 246 

-0 37 

} 

M R 

S3 


S3 1 

5 


0 49 

0 79 

0 322 

-0 47 

1 0 013 


6 

0 31 

0 33 

0 64 


-0 34 

N D 

55 

60 

13 


0 49 

0 54 

0 288 

-0 25 

0 009 




6 

0 05 


0 55 

0 208 

-0 34 


K K 



61 ■ 

7 

0 13 

0 45 

0 58 

0 258 

-0 32 

• 0 007 


26 


0 22 

0 26 

0 262 




1 

27 


0 38 

0 41 

0 294 

-0 12 




[ 

22 

0 23 

0 56 

0 79 


-0 49 


M C 

50 

62 ^ 

23 

0 22 

0 52 

0 74 

0 298 

-0 44 

[ 0 012 



1 

11 

0 IS 

0 59 

0 74 

0 252 

-0 49 





58 

31 

0 29 

0 81 

1 10 


-0 76 






39 


0 65 

0 85 


-0 51 






40 

BKii 

0 52 

0 72 


-0 38 


P M 

48 ■ 


67 

63 

64 

0 24 
0 24 

0 47 
0 44 

0 71 
0 68 

B 

-0 31 
-0 27 

• 0 014 





65 

0 21 

1 24 

1 45 

0 411 

-1 04 






66 

IiBtliil 

0 66 

0 86 

0 411 

-0 45 






75 

0 27 

0 44 

0 71 

0 357 

-0 25 


P S 


64 

34 


0 86 




0 014 


Negative 

caunum 

balance 

per 

kilogram 

tram 

0 0081 

0 0056 

0 0076 
0 004 

0 0032 

0 0076 

0 0078 

0 0091 
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TABLE 2-CimlUmti 






Catdum ht grunt pot J-dt 7 period 























aidom 

cuoam 

Subject 

Ago 





5 



excretion 

bnltnce 











per 




1 


1 

II 

3 

1 

kOognia 

kUogrun 




£ 

P 



5 

a 






■ 

■ 

0 55 

0 61 

0 355 

-0 25 

p’MU 

gr«mi 




7 

0 09 



0 355 

-0 39 



D U 

50 

66 ■ 

14 

0 14 

liVE 

■IKi'V 


-0 51 

0 012 

0 0060 

15 

0 07 

0 62 


0 411 

-0 28 




16 

0 05 

0 &S 

EEv 

0 405 

-0 49 






■ 


0 76 


0 348 

'0 46 






i 

0 31 


1 35 

0 326 

BISI 






18 

0 47 

0 67 

1 14 

0 372 

-0 77 






41 

0 17 

0 56 


0 405 

-0 33 



J T 

55 

6S < 

42 

0 32 


Itf!^ 

0 411 

-0 46 

0 018 

0 0119 

43 

0 IS 


1 95 

0 411 

-1 54 




44 

0 12 


nQ 

0 411 

-0 69 






53 

0 22 


IjlS 

0 357 

-0 52 






59 

0 17 

1 39 

1 56 

0 399 

-1 16 



J M 

35 

70 

2 

0 27 

0 31 


0 339 

-0 24 

0 008 

0 0034 

C H. 

25 

”( 

1 

2 

0 44 
0 47 

0 48 
0 41 

B 

0 35 

0 35 

-0 57 
-0 53 

|o 012 

0 oori 


30 

81 4| 

1 

0 32 

0 20 


0 28 

-0 24 



C 

2 

0 38 



0 23 

-0 61 


0 0052 

AvtlBgC 

42 3 

67 2 





0 33 


0 012 



RESULTS 

It ■mil be seen from table 2 and figure 2 that there is considerable 
vanabon in the calaum excretion not only among different individ- 
uals but also among different penods of the same indimdual This 
■variation could probably be reduced by a more ngid standardiza- 
tion of the aforementioned normal factors which influence calaum 
metabolism However, these figures give us an mdication of the 
amount of calaum which a normal person will excrete on a low calaum 
diet and thar average wiU be used for future comparisons Atten- 
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TABLE 3 


Calcmm studies on low^calctnm diets (lak^n from the hleraliire) 


Calcium In grams per 3-day period 


Total 

calcium 

excretion 


cxcre- Intake Balance , 

tion kilograia 






























TABLE h-Contlnued 


Otldara In snoti p«r 3-uijr pcrkrd 


Utln® Feet* eroe- Intake Balance i nP*.f.. 

tJoQ kflogni 


Rose (37) 


45 5 0 J74 0 594 0 768 0 W6 +0 078 

0 225 0 375 0 600 0 759 +0 159 

0 243 0 651 0 894 0 747 - 0 147 



Sherman, Gulett, and Pope 
(30) 


Sherman \\nnters 
PhUIIpa (33) 


Sherman, Gillctt and Pope 
(30) 





0 660 

0 990 0 810 

-0 180 

0 630 

1 WO 0 810 

-0 230 

ligKil 

1 100 0 840 

-0 260 

0 450 

0 820 0 840 

+0 020 

0 660 

1 020 0 810 

-0 180 

0 480 

0 850 0 840 

-0 010 

0 570 

1 010 0 840 

-0 170 

0 570 

0 910 0 840 

-0 070 

0 589 

0 968 0 833 

-0 135 

0 795 

0 920 0 570 

-0 350 

1 065 

1 350 0 930 

-0 420 

0 810 

1 230 0 930 

-0 300 

0 930 

1 260 0 930 

^0 330 

0 900 

1 190 0 840 

'-O 350 

0 840 

1 ICO 0 900 

-0 260 

0 

1 180 0 900 

-0 280 

0 810 

1 200 0 870 

-0 330 

1 170 

1 510 0 870 

-0 640 

0 870 

1 140 0 870 

--0 270 

0 870 

1 130 0 870 

-0 260 

0 570 

0 820 0 900 

+0 080 

0 750 

1 020 0 900 

-0 120 

0 900 

1 160 0 900 

-0 260 

0 750 

1 020 0 900 

-0 120 

0 837 

1 134 0 8S3 

-0 240 











TABLE Z'-^Oiihnutd 


Author 

Weight 

Calaum Id grams per 3-day period 

Total 

Unne 

Feces 

Total 

ejtcre- 

doD 

Intake 

Balance 

calaum 

excretion 

per 

kilogram 


ktm 






trams 

Rose (37) 

48 


' ViwTSf 

0 74 

7 0 771 

+0 024 






0 66 

S 0 96: 

+0 297 




D 1 



D 0 96; 

+0 423 


Average 


0 191 



0 895 

-f 0 248 

0 0136 

Sbeman, Winters, and 

67 

I ' 5 


1 35( 




Phillips (33) 


! i* 


1 32( 








1 15- 

IB 

-0 435 




ijl 

1 125 

1 63- 


-0 585 




1 j 

mm 

1 47( 

) 1 050 






1 290 

mm 






^2 


1 4Si 




Average 


0 381 

1 065 

1 446 

0 908 

-0 538 

0 0216 

Sherman (6) 

69 



1 260 


-0 720 





0 330 

1 170 

1 170 

0 000 




IQI 

0 670 

1 750 


-0 550 


Average 


0 980 

0 413 

1 393 

0 970 

-0 423 

0 0202 

Rose (37) 

56 


0 792 

HQ 

1 149 

■POTH 





0 726 


1 149 








1 149 

BgIBfiVa 





0 861 


1 2 ; 






0 567 


1 i 

+0 147 





0 981 

■Ba 

1 S > 





an i 

0 660 

0 876 

P ^ 1 

-f 0 069 





0 861 

1 098 

1 2 » 



Average 


0 218 

0 753 

0 971 

1 021 

+0 050 

0 0173 

Bogert and Kirkpatnck (12) 

53 



1 191 

1 023 

-0 168 

0 0225 

Rose (37) 

54 



1 113 

1 149 

EM 




0 213 

0 729 

0 942 

1 149 

iSH 




0 207 

0 645 

0 852 

1 149 

4-0 297 




0 168 

IWIOll 

0 969 

1 149 





ESS^I 

0 399 

0 498 

0 5^5 





0 135 

0 495 

al5jcwl 

0 945 





Bgwill 

mm 

0 936 

0 945 

ajMSSm 




0 228 

HI 

0 933 

0 945 





H 

0 717 

0 897 

0 945 



Average 


B 

B 

Bl 

■ 

4-0 173 

0 0160 


86 
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TABLE t-Conduied 


Atitbor 

WtlAt 

Cftldom Id fiaaii per period 

ToU\ 

ctldum 

excretloQ 

P« 

kilofrmiii 

Urioii 

Ftce* 

Tool 

acre* 

UOQ 

latAke 

BiUnce 




■■ 




rrsau 

Shwm&n (6) 

61 

ERu 

1 266 

1 710 

1 380 

-0 330 




IS!a 

1 500 

2 010 

1 230 

-0 810 




figSil 

lili? 

1 38d 

1 23h 

-0 150 




BiTAV 

1 OlO 

1 620 

1 260 

-0 360 







0 960 

-0 600 






1 230 

0 960 

-0 270 


Average 


0 565 


1 590 

1 170 

-0 420 

0 0260 

Bogert and Kickpatnct (12) 

6i 



1 290 

1 185 

-0 105 

0 0201 

Bogertiind KirkpatrfdL. (12) 

70 

0 393 

1 152 

1 545 

1 185 

-0 360 

0 0221 

Final average 

56 6 

0 343 



0 831 

-0 222 

0 0185 


tion 13 called to the fact that only one individual was m calaum 
balance and that individual for only one penod The group had an 
average iptake of 0 33 gram per three days, an average output m the 
unne of 0 19 gram, m the feces of 0 60 gram, mating a total average 
output of 0 79 gram resulting m an average negative calaum balance 
of 0 46 gram 

In order to compare our results with other similar experiments taken 
from the hterature, tables 3 and 4 and figure 3 have been constructed 
In table 3 are given figures for total calaum studies similar to ours, 
except that different food substances were used in many cases and that 
the calaum intakes were usually greater The subjects here are 
arranged in order of mcreasing calaum mtake rather than by waght 
We have recalculated the figures of these other investigators m order 
that they may be comparable to our figures, i e , all figures have been 
reduced to grams of calaum per mdividual per three day penod In 
table 4 are given the data for the calaum excretions of fasting men 
These observations differ from those m which the diet is madequate 
m calaum only (v supra) because of the great dram on body tissues 
In figure 3 these data from the hterature are given in graphic form 
for comparison with the values from figure 2, the average of which is 


































TABLE 4 

Calcium studies on “fasting men” {taken from the literature) 




Calcium In grams per 3-day penod 

Total 

calcium 

excretion 

per 

kilogram 

Negative 

Author 

Weight 

Unne 

Feces 

ToUl 

excre- 

tion 

Intake 

in 

water 

Balance 

nitrogen 
balance 
per $ 
days 


kem 






grams 

grams 

Benedict (38) 

58 

ffit 1 

TO 

Bt 1 

0 000 

1 


31 6 



1 1 


B ! 1 


1 


30 8 



W il 


S 1 




30 7 



0 913 


SI \ I 


-0 913 


30 6 


52 

0 957 


0 957 


-0 957 


28 1 



0 998 


B ! : 


-0 998 


25 8 



0 914 


W ' 1 


-0 914 


23 1 


49 

0 718 

m 

» ' 


-0 718 


23 5 



0 611 

0 000 



-0 611 


23 5 


47 

0 568 

0 000 

■Bi 


-0 568 


22 5 

Average 

52 

0 873 

s 





27 0 

Cathcart (39) 

60 

0 552 




-0 552 

B 

31 0 



0 459 




-0 459 


25 0 




■ 

R 1 


-0 288 

WMi 

25 0 

Average 




BH 

IgKW 


-0 433 

0 0072 

27 0 

Mueller, Munk, Senator, and 

57 

0 885 

R 





38 1 

Zuntz (40) 


1 070 

B 

1 278 

m 

mm 


31 7 

Average 

57 

0 977 

0 208 

1 185 

0 171 

-1 014 


35 0 

Mueller, Munk, Senator, and 

60 

0 305 



0 219 



33 2 

Zuntz (40) 









Final average 

58 







28 4 


* Weight before fast, used 


TABLE 5 


Summary eJiart 



S' 

"X 


Values for calcium in grams per 
3-<iay period 

Ci 

if 

«& 

S” 

aS. 

u 1> 

^1 


*o 

s| 

•I 

Intake 

V 

1 

Feces 

Total 

excretion 

Balance 

Bm 
a u 

S& 

3§ 

Average values of table 2 


kgm 

67 2 

0 33 

0 19 

n 



grams 

0 0120 

grams 

Average values of table 3 


56 6 

m 

0 35 

SI 


-0 22 

UMuf^ 

— 

Average values of table 4 


58 

33 

0 77 

E 


-0 76 


28 4 


88 
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represented by the first column at the left in figure 3 A line separates 
the “fasting men” expenments from the others, as they are not qmte 
comparable. In figure 3, aside from the “fasting men,” each of whose 



Fig 3 CALcnni Baiances TAEE^ From Liteeaiuee 
A, Average urinary excretion of “fasting men ” B, average unnary excretion 
of persons on a low calcium diet C, a\ erage calcium mtale D, average total 
calaum output Negative nitrogen balances m the ‘ fasting men” are represented 
thus 0 0 

* Graphic representation of average calcium balance from our control senes 


thrce^lay penods are charted separatelv onl) the average \ alue for 
each individual is charted 

In table 5 are given the average values of tables 2 3, and 4 It 
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Will be noted that the unnary calcium excretion is greater in the group 
from the hterature than m our group This is ascribed to the higher 
calcium mtake It has been stated that the unnary calcium increases 
on a low calcium diet (25) This was probably due to some vanation 
in the diet other than the calcium, such as the acid-base value 
(v supra) This is borne out by the “fasting men” expenments, 
whose diet may be thought of as consisting of thar own flesh, and 
therefore very aad Their average negative mtrogen balance per 
three days of 28 4 grams would correspond to a calaum content of 
0 067 gram (using Katz’ figure for calaum value of human flesh) (26) 
Thus on this very low “intake” of calaum they had a very high 
average calaum excretion in the unne, 0 767 gram per three-day 
penod 

DISCUSSION 

From an inspection of our data and the data collected from the 
hterature it is seen that there is a certain very appreaable minimal 
reqmrement of calaum necessary to keep the body in calaum balance 
The literature gives abundant proof of this both by expenments on 
ammals (8) (15) (27) (28) and by expenments on people (6) (29) (30) 
(31) (32) (33) It is this negative calaum balance on a very low 
calaum intake which we wish espeaally to emphasize, and the varying 
degree of which under certain abnormal conditions we intend to make 
the subject of later papers We beheve that this is an aspect 
of calcium metabolism which can be quantitatively detemuned 
This appreaable excretion of a necessary body mgredient is not 
apphcable to all body elements Thus chlonne excretion durmg 
starvation sinks to almost zero and a diet defiaent m chlorides does 
not lead to dechlomuzation Of direct mterest m this connection 
are the expenments of Osborne and Mendel (27) These investiga- 
tors have shown that rats contmue to gam waght on diets very low in 
magnesium, sodium, chlonne or potassium However, when sodium and 
potassium were both very low or when either calaum or phosphorus 
was very low, the rats ceased to gam Furthermore, an excess of 
magnesium was without avail in making up for the calcium defiaency 
It IS their belief that sodium, potassium, magnesium and chlonne can 
be “husbanded” in the body, but that calaum and phosphorus and 
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at least one of the monovalent cations (sodium or potassium) must 
be furmsbed in certain mimmal quantities Likewise Hamilton (28), 
from calaum balance studies on premature infants, concluded that 
a certain defimte amount of calaum had to be excreted each day- 
regardless of the mtake and that only -when calaum was furnished 
m excess of this amount -was there a positive balance 

The sigmficance of this negative calaum balance on a low calaum 
diet can only be speculated on Hamilton (28) suggests that the 
calaum may be necessary to neutralize aads Osborne and Mendel 
(27) offer a similar explanation for the cessation of growth m their 
rats on diets very low m both sodium and potassium A second 
possibihty suggests itsdf McCrudden (41) has sho-wn that bone is 
constantly undergomg anabohsm and catabohsm Is it possible that 
the calaum hberated m the process of catabolism is not available for 
anabohsm but must be excreted? The negative calaum balance on a 
zero calcium mtake might then be thought of as an index of the endo 
genous calaum metabolism Experiments such as the ones now 
reported -would thus be comparable to the early ones of Voit on 
mtrogen metabolism wherem the endogenous mtrogen metabolism 
was obtamed by determinmg the mtrogen excretion durmg star- 
-vation (34) (39) 

As a first step in the mvestigation of the cause of this negative 
calaum balance on a low calaum diet, it seemed of interest to see 
whether this relatively large amount of calaum ordmanly excreted 
on a very low calaum mtake could be used durmg pregnancy to 
meet the fetal demands for calaum Therefore, a young woman 
was put on a low calaum diet for three three-day penods dunng the 
fifth and aghth months of pregnancy and six weeks after dehvery 
by Caesanan section The findmgs are given m graphic form in 
figure 4 Some high calaum penods followmg the second and third 
group of low calaum intake penods are also charted, but -will not 
be commented on here except to point out the rise m unnary 
calaum when the subject changed from a low calaum mtake to a 
high calaum mtake It will be noted that this subject exacted 
practically the same amount of calaum in all three groups of low 
calaum penods, regardless of whether she was supplying a small 
amount of calaum to the fetus as in the fifth month of pregnancy, 
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a large amount as in the eighth month of pregnancy, or none at 
all as dunng the second month after dehvery, which was also one 



Fig 4 Calciuii Mexabolish During Pregnancy 
* Average calcium metabolism values of control series 


month after cessation of lactation Furthermore, during all three 
periods of low calcium intake, this subject excreted about the same 
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amount of calaura as she would have been expected to do had she 
not been pregnant, as judged from the average excretion of our normal 
controls Attention is called to the fact that this subject’s non- 
pregnant weight IS 54 Lgm (average of controls 62 kgm ) and that 
her sex is opposite to that of the controls 

The serum calcium and phosphorus values of this patient are of 
interest The serum calaum is confirmatory of the work of Widdows 
who found a low calaum level during pregnancy (35) 

This expenment suggests that the calaum excreted on a low calaum 
diet IS not available for the fetus, just as it is not available during 
growth for the building of bones (28) 

SUUUARY 

1 Figures showmg the negative calaum balances m 46 three-day 
penods in thirteen normal individuals on a very low calaum intake 
are recorded 

2 It IS pointed out that before the negative calaum balance of 
two normal individuals on a low calaum diet can be compared, factors 
should be introduced to equalize differences m sex, age surface area, 
activity, aad-base properties of diet, values of other cations in diet, 
and phosphorus metabohsm It is further pomted out that unless 
two such individuals are m nitrogen equihbnum, further factors have 
to be introduced to offset the total aad value and the phosphonc aad 
content liberated dunng the destruction of the body protan 

3 Our results are compared with similar but not identical expen- 
ments from the hterature 

4 It IS emphasized that the negative calaum balance on a low 
calaum diet is an aspect of calaum metabolism which can be studied 
quantitatii ely under varying conditions 

5 The cause of the appreaable negative calaum balance on a low 
calaum diet is discussed 

6 Observations on a pregnant woman are included which tend to 
show that the calaum excreted on a low calaum diet is not available 
for the fetus The calaum excretion dunng gestation is essentially 
normal 
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STUDIES OF CALCIUM AND PHOSPHORUS METABOLISM 

HI The Effects of the Thyroid Hormone and Thyroid Disease' 

By JOSEPH C AUB, WALTER BAtJER,’ CXARK HEATH? and MARION ROPES 
{From the iftdical CUnic of ihe Massachusetts General Hospital Boston) 

(Reedved for publication September 14, 1928) 

INTRODUCTION AND REVIEW OF THE LITERATURE 

* 

It IS known that the internal secretion of the thyroid gland raises 
the basal rate of combustion of carbohydrate, fat and possibly protem, 
and consequently appreciably mcreases the total heat production of 
the organism, but its effect on calaum and phosphorus metabohsm 
has not been defimtely deter m i n ed 

Studies of the effect of thyroid secretion on the calcium metabohsm 
have been reported m the hterature, but they are inconclusive 
because unsatisfactory methods were employed and because the 
data obtamed were scanty and contradictory' A short summary 
of these observations, however, is of mterest m this discussion as a 
background for our experiments on the relation of the thyroid gland 
to calaum and phosphorus metabohsm As early as 1892, Koeppen 

(1) reported that there appeared to be a connection between exoph- 
thahme goiter and osteomalaaa and other bone diseases Pieralhm 

(2) in 1906 investigated the jiossibihty of an mtunate relation between 
thyroid function and the metabolism of calaum and phosphorus In 
his experiments unnary calaum only was determmed, the calaum in- 
take was unknown and unrestneted because he assumed that the un- 
nary content is an mdes of endogenous calaum metabohsm These 
assumptions are now known to be incorrect so that his results are of 
limited value His figures showed the calaum and phosphorus ex- 

' The expenses of this investigation were dcfnited in part from the Lead Fund 
of Harvard Umversity 

? Medical Resident, Massachusetts General Hospital 

• Medical Interne, Massachusetts General Hospital 
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cretions to be normal in Basedow’s disease Another article pubhshed 
in the same year by Scholz (3) gave the results of careful studies of the 
metabohsm of cretms before and after thyroid therapy The un- 
treated cretin was found to retam phosphorus and to excrete an abnor- 
mally large quantity of alkaline earths Admimstration of thyroid 
preparations exerted no marked influence on the phosphorus metabo- 
lism, but reduced the urinary excretion of the alkalme earths, partic- 
ularly that of calaum The fecal calcium, however, was increased 
A year later, Silvestn and Tosatti (4) reported the effect of administra- 
tion of thyroid extract on the calcium exchange in vanous diseases 
They found that daily ingestion of “one tablet” of thyroid favored re- 
tention of calaum The calaum output was detemnned m one-day 
penods during the first six days of thyroid medication, so that their 
results can probably be explained by insuffiaent dosage of thyroid 
and inadequate duration of observation In refemng to work done 
with Bolaffio and Tedesco, Falta (5) in 1909 mentioned experiments 
in which administration of thyroid increased the ratio of nitrogen to 
phosphonc acid in the unne and increased the phosphate in the stools, 
and concluded that there must be an increase m the fecal excretion of 
calcium to account for the augmented phosphorus output in the stools 
Another senes of observations on the effect of thyroid feeding on cal- 
cium excretion was made by Parhon (6) m 1912 In this very inter- 
esting study the calcium exchange of mne rabbits was determined 
both before and after admimstration of thyroid The first group of 
ammals recaved 0 05 gram of thyroid daily and suffered a net loss of 
0 007 gram of calcium per kilo per week, the second group of three, 
all of which died within seventeen days, received 0 10 gram of thyroid 
daily and lost 0 228 gram (average figures) of calaum per week, the 
last three, which died within five days after the begmnmg of medica- 
tion, received 0 3 gram of thyroid daffy and lost on the average 
0 662 gram of calcium per kilogram per week These experiments 
indicate that the thyroid does exert a stimulatmg influence on calaum 
excretion Kojima (7) in 1917 approached the problem from a dif- 
ferent angle He removed the thyroid gland and the parath 3 T:oid from 
rats and then replaced the latter He then determined the mtrogen 
and calaum excretions and found that both had been dimimshed He 
could not, however, demonstrate in these expenments that admmis- 
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hon of thjTOid affected the calauin metabolism. The report in- 
ded no data concerning the adequate functiomng of the parathv- 
1 transplants and therefore the reduced calcium excretion after 
TOidectomj might be explained bv parathyroid defiaenc^ 
Summer (S) m the same j ear published data obtained from ob.er- 
lon for thirteen days of a patient mth exophthalmic goiter Tvx) 
i one half htera of mill: rrcre given dailr, mhich meant that the 
nirm mtake was approximately 5 grams per das Xo determina- 
ns were made oi the basal metabohc rate and control calaum 
ires apparentlr were taien irom the hteraturc. The author con- 
ded that the mmeral excretion was high but x eiy irregular, both 
; calaum and phosphorus losses being especially great- Because 
; q uan tity of caloum m the urme was normal and that m the feces 
s large, he attributed the high fecal calaum m Basedow's disease 
a difficult 3 m absorption rather tnan an abnonnal excretion 
lines (9) stated, without data, m his boot on the relation of the 
rathvroid ^ands to disease, that calaum is lost from the body dur- 
: diabetes melhtus and Gra\-es’ disease and retained by myiedema- 
is mdmduals 

[n mew of the unconoted nnpo-tance o. the t hyro -d secreLon on 
mrm metabolism and the d.sagreeir.eat m the fcdhig; oi prex-ous 
thors It seemed deatab’e to remveagate tbs subiect. 


R e have stud-ed tae calccm. pho^bo-as and nitrogen ercreton m a 
les of patients with vancns tnyrc*- d CLseases. The caicrm excreted 
an mdix-dual —hie on a tter adecna'e in all respects exzegt in 
[cram should rqi'esent cbeffy the cndogenoia= calcmm metaools-n. 
IT results demonstra'e ocndcsr-t-y that increased trr-rcrc secretion 
used a stiibng acccn*naron ci me calcmm eitmron and Ckewise 
neased phosphnms snc nitrogen eirmira_on. 

The methods csea fca'w aesn ces^ ned . 

,a flO, Tee daBx ct-s were p-aenraTy rde 
dual and except lo* tm 
id adequate. There 
ilance in tit 
Imrm diet 2 
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curate evaluation of the endogenous calcium metabolism, but it also 
largely eliminates the unknown factor of unabsorbed calcium found 
in the feces 


RESULTS 
Scrum calcium 

In this senes of 14 cases it was found that the serum calcium and 
phosphorus values remamed withm the accepted normal hmits, though 
a few cases suggested a shght fall m these values dunng the penod of 
observation The serum findmgs gave no mdication of the rate of 
calaum metabolism, as may be seen when the data on calaum and 
phosphorus excretion are examined 

Calcium excretion 

J In exophthahnic: goiter Our normal standards for calaum ex- 
cretion have been obtained from thirteen normal individuals who were 
maintained upon a similar diet inadequate in calcium These data 
are to be found in Paper II of this senes 

The most obvious conclusions which can be drawn from our data 
are the marked increase of calcium excretion in exophthalmic goiter 
and h 3 rperfunctiomng adenomata of the thyroid, and the stnkmg de- 
crease found in myxedema (See table 4 and chart 1 ) This mCrease is 
out of proportion to the increase m the basal metabohc rate, for though 
the latter averages only 55 per cent above the normal m our six cases 
of exophthalmic goiter, the average calcium excretion is 170 per cent 
above our average control figures These results are even more strik- 
ing than they appear, for the average normal calcium excretion of 
0 79 gram per three day penod is based on the total excretion of men 
of average weight of 62 kgm , while the thyroid patients were thin 
individuals, some of them women, with an average weight of 50 kgm 
When calculated for three day penods, the average calcium excretion for 
the normal individual becomes 12 7 mgm per kilogram of body 
waght, and for the patients with exophthalmic goiter 42 0 mgm per 
kilogram of body weight, which is an mcrease of 231 per cent above 
normal This mcrease in calaum excretion is showm most strikingly 
m the case of Norman G (chart 4), where 4 6 grams of calcium were 
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excreted in 3 days instead of 0 79 grams, the average found m the 
normal persons Eicpressed m milligrams per kilogram of body weight, 
he excreted 96 4 mgm , which is 8 times the average excreted by our 
normal individuals on the same intake This was out of all propor- 
tion to the change m his metabolic rate which was approximately 



Chart 1 A Graphic Represektation of the Calctoii Metaboush Data 
GU'EN in TABEE 4, TN THE CASES OP NORIIAN G , CHRISTINE B , AND 
Herbert F 

The double cross hatching represents the calaum intake, the single cross hatch 
Ing up to the heavy dark line represents the urinary caldum excretion, the single 
cross hatching above the heav) black line represents the fecal calaum eicrebon 

twice normal As his basal metabohc rate returned towards normal, 
the calaum excretion also approached normal This was found to be 
true in all our other cases also The calaum excretion m the urine 
alone was far higher than the total excretion found in our control 
cases The mcreased calaum excretion in both unne and feces in 
thjTotoxic patients was about proportional Because of the made- 







102 


CAXCIUM AND PHOSPHORUS METABOLISM HI 


quate calcium mtake on our routine diet, this increased calcium excre- 
tion must represent largely calcium loss from the body 

2 In toocic adeno7nata Added evidence of the effect of thyroid 
on calaum metabohsm was furmshed by two typical cases with hyper- 
functiomng thyroid adenomata in which the basal metabohc rates 
were not as high as m those suffenng from exophthalmic goiter The 
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Chart 2 A Graphic Representation of the Caectom Metabousu Data 

Shown in Tabie:s 5 and 7 

The calaum mtake, urmary calaum excretion and fecal calaum excretion are 
represented m the same manner as shown m chart 1 

calcium, phosphorus and mtrogen excretions were hkewise less ele- 
vated than m the senes of patients with Graves’ disease (See 
table 5 ) With this small number, however, it is impossible to say 
that there is any fundamental difference m the calaum excretion m 
the two diseases The calaum excretion in these two cases was above 
normal and feU definitely after the adenomata were removed (chart 2) 



vxedemo 


J C AUB, W BAUER, C HEATH AND M ROPES 


103 



Chabt 3 A Graphic Representation op the Calcium Metabolisu Data Given in Tabie 6, in the 
Cases of Jennie W , Hatel W , AIabel M , and John W 

Here agam the calaum intake, unnary caicnun excretion and the fecal calcium excretion are represented as 
in chart 1 
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again that thyroid increases the endogenous calaum metabolism, for 
the extra ehimnation must come from the tissues, and presumably 
mostly from the bones Similarly, two cases of parathyroid tetany 
with very low calaum levels m both their blood and excreta re- 
sponded to thyroid therapy by a distmct elevation not only of their 
calaum excretion but also of their serum calaum level This effect 
was prolonged and greatly benefited their general condition (12) 

It is thus defimtely established that mcreased thyroid secretion aug- 
ments the excretion of calaum This effect of thyroid secretion on 
calaum excretion is greater than its effect upon total metabolism. 
Thus the percentage variations from the normal controls, as shown m 
chart 4, indicate this marked difference, although the himts of varia- 
tion of calaum metabolism are not as defimtelv estabhshed as those 
for the basal metabohc rate The differences, however, exceed greatly 
the lumts of vanation in our normal senes 
The marked effect of thyroid activity m three women can well be 
compared (Elizabeth B and Christine B , who had Graves’ disease, 
and Hazel W who had myxedema) They were all young, and Eliz- 
abeth B and Hazel W were remarkably similar m age, height and 
weight The thyroid effects are obvious from table 1 
5 III other slates of increased basal metabolism Is the high calaum 
excretion of hyperthyroidism dependent on the inaeased thyroid se- 
aedon, or is it merely an accompaniment of an mcreased metabohsm? 
This question could only be answered by determinmg the calaum ex- 
cretion in cases with a high metabohsm due to factors other than the 
thyroid, such as prolonged fever and leukemia Three such cases — 
two suffenng from subacute bactenal endocarditis, and one from 
lymphatic leukenua — showed a normal calaum excretion on our routine 
diet A fourth case (M G B ), suffermg from myelogenous leuke- 
nua, showed an elevated calaum e.xcretion approaching that found 
in hyperthyroidism Three of the four cases, therefore, demonstrated 
normal calaum excretion m spite of an elevation of general metabo- 
hsm. The basal metabohc rates in these four cases vaned from plus 
21 to plus 41 per cent We may conclude therefore that an mcreased 
calaum e.xcretion is not necessanly a function of an elevated meta- 
bohc rate alone 
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X-rays of boiies tn exophthalmic goiter 

It IS not to be expected that all cases of hyperthyroidism would show 
osteoporosis of the bones because of this increased calcium ehmina- 



Fig 1 Single X-ray of the Hands of Three Women of Similar Age, Size 

AND Weight 

C IS a normal control, E is the hand of a patient ivho is known to have had 
exophthalmic goiter for seventeen i ears, M is the hand of a case of severe 
myxedema 

tion, which could probably be compensated for by a diet contammg 
an adequate amount of calcium In some cases of long duration, how- 
ever, this increased calcium loss from the bones may be apparent m 
x-ray pictures This is obvious in the x-ray pictured m figure 1, where 
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the hands of a patient with exophthalmic goiter of 17 years’ duration, 
a case of myxedema, and a normal control are all shown m the same 
exposure These individuals (all women) were approximately the 
same as regards age, weight and the shape of the hands The marked 



Chakt 5 A Graphic Representation of the Phosphorus Meiahousu Data 
Given in Table 4 in 3 Cases of Exophthauiic Goiter 

Tke phosphorus mtake is represented by a cross, the heavy black line divides 
the fecal and urinary phosphorus excretions, the part of the column below being 
the urinary phosphorus excretion, and the part above being the fecal phosphorus 

excretion The nitrogen balance is represented by o O, that above the 

zero line represents a negative nitrogen balance, and that below, a positive nitro- 
gen balance 

loss of calaum in this case of hyperthyroidism is very stnkmg We 
have seen one similar case, although less marked This observation 
of osteoporosis in thyroid disease has recentlj been confirmed by 
Plummer (13) 
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PJiospJiorm inetabohsin 

Phosphorus metabohsm determinations were made m connection 
with those of calaum in all of these experiments This gave us an 
opportunity to find out whether the calaum loss from the body as a 
result of thyrotoxicosis represents calaum phosphate withdrawn from 
the bones If that were the case there should be a ratio such that 
the calaum loss to the phosphorus loss would equal that of calcium 
to phosphorus in tertiary calaum phosphate (Ca/P = 1 93) In ad- 
dition a correction should be mtroduced for the phosphorus hberated 

tl 




Chart 6 A Graphic Representation of the Phosphorus Metabolism Data 
Given in Table 6 on Four Cases of Myxedema 

The phosphorus intake, unnary phosphorus excretion and fecal phosphorus 
excretion are represented as in chart 5 

in protein metabohsm (N/P = 17 4) In table 3 there is mcluded 
the actual phosphorus balance and the theoretical phosphorus balance 
calculated from the calaum and mtrogen balances as above descnbed 
In general the actual and theoretical balances agree as closely as could 
be expected This supports the supposition that the increased cal- 
cium excretion represents, for the most part at any rate, calcium phos- 
phate withdrawn from the bones That some of this calaum may 
represent calcium carbonate withdrawn from the bones as suggested 
by Goto (14) IS of course possible 
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TABLE J 

Phospborvs excrdton 
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TABLE 3 — Coniinued 
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Phosphorus 

excretion 

Phosphorus 
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(see Table 7) 
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! 
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-9 
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Hazel B W 
Age 23 
(see Table 6) 


DISCUSSION 

Thyroid secretion has been shown to increase markedly calcium ex- 
cretion The cause of this is as yet imdetermmed There are sev- 
eral possibihties 

1 A shvndating effect on tJie parathyroid glands directly or through 
their sympathetic innervation The absence of any marked nse in the 
serum calcium is very much agamst this, although Hunter and Aub 
(15) reported a case m which the admimstration of Colhp’s parathy- 
roid extract increased the calcium excretion without appreciably rais- 
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mg the serum calaum level Work now in progress will probably 
detenmne this possible relationship 

Z A method of neutralizing the and products of an increased metab- 
olism The neutralization of the phosphorus set free as a result of the 
mcreased protem metabohsm might account for the increased calcium 
excretion Such an explanation would be analogous to the mcreased 
calaum output foUowmg the mjection of phosphates found by 
Greenwald (16) However, unpublished observations (14) from this 
laboratory, on normal people foEowmg the administration of large 
amounts of aad phosphate, showed that a large part of this neutrah- 
zation was accomphshed by ammonia The increased calaum excre- 
tion in these cases was not as marked as was observed m our cases of 
exophthalmic goiter The other aad products resultmg from an m- 
creased protem metabolism rmght call upon the calaum deposits m a 
similar manner Studies on the total aad base metabolism m hyper- 
thyroidism and myxedema are now bemg made and should help deade 
this pomt 

3 The remaining explanation, namely a direct simulating catabolic 
efect on the calcium deposits in the bones, seems the most likely one, 
and this would be m agreement with the general action of thyroid on 
other body tissues It remains, however, for future work to estab- 
lish this. 

CONCLUSIONS 

1 The calaum exaction m patients with exophthahme goiter and 
m those with hyperfunctionmg thyroid adenomata is maeased mark- 
edly above the normal This mcrease (231 per cent) is far greata 
than the maease m basal metabohe rate (55 per cent) 

2 The ingestion of thyroid by normal mdividuals likewise inaeases 
the calaum ehmmation 

3 The calaum exaction m myxedema is markedly diminished be 
low that found m normal mdividuals 

4 A marked maease m phosphorus exaction was also found This 
maease was quantitatively such as to suggest that most of the calaum 
excreted came from tertiary calaum phosphate m the bones 

5 This high rate of calaum ehimnation is not obvious m the blood. 
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• Penod I ta 4 days, reduced Jn the above table to the erjulvalent of 3 days. 

*• Penod XtV is 1 J days resulU bemg multiplied by 2 to give equivalent S^lay 
t Penod V Unne About 500 cc. may belong to period VL 
it Period VI Stool Contains 400 cc ofunne. 
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t Period VI Lost one small stool and small amount of 
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CALCIUM AND PHOSPHORUS METABOLISM HI 


for essentially normal values for calcium and phosphorus are found 
in the serum 

6 X-ray evidence is presented which indicates that marked osteo- 
porosis may develop m the bones from prolonged hyperthyroidism 

7 The mcreased calcium excretion is not dependent upon the ele- 
vated metabohsm alone, for three out of four cases with high metab- 
ohsm due to leuLerma or fever had normal calcium eliminations 

PROTOCOLS 

Norman G No 273649 Age 29 years, white, male, married Admitted 
December 17, 1925 Discharged February 28, 1926 

History One brother had a goiter with hyperthyroidism Patient has been 
mamed mne years He has three children One child died at age of 2 months 
Nme months previous to entry pabent nobced nervousness, palpitation, and 
tremor of exbemities Dyspnea and headache u ere present on exertion There 
was a gradual progression of symptoms until four months previous to entry 
when swellmg of neck and prommence of eyes was nobced with slightly mcreased 
sweabng One month previous to entry he had a sense of constncbon m his 
throat and slight consbpation He has had noctuna for five or sir months 
Physical exainviahoi} He was a nervous, restless, sweabng, flushed young man 
with shght prommence of the eyes There was slight hd lag There was a fine 
tremor of fingers and tongue Tonsils were very large and crypbc Thyroid 
was symmetncally enlarged, firm and smooth, with definite bruit Heart showed 
no enlargement There was a svstohc murmur over the precordium There was 
a palpable thrill at the apex Skin was warm and moist 

Laboratory findings Urme was exammed five tunes — there were a few red 
blood cells on three occasions and sugar was slightly posibve on three occasions, 
otherwise unne was negabve Blood — red count was 4,450,000, white coimt 
7100, hemoglobin 80 per cent Differential count show'ed polymorphonuclears 
45 per cent, small lymphocytes 48 per cent, large lymphocytes 6 per cent, and mast 
cells 1 per cent Wassermann was negative Non-protem nitrogen was 34 mgm 
per 100 cc Phthalem excretion was 35 per cent Basal metabolic rate on De 
cember 19, 1925 was plus 99 per cent with a weight of 48 3 kgm 

Treatment and progress He had complete rest m bed and after ten days, 
Lugol’s solution was started On January 8, 1926, he had a sub-total thjTOidec- 
tomy with uneventful recovery On January 26, 1926, he had an attack of acute 
tonsillibs with a fever of 104 5 degrees F which lasted ten days On February 3, 
1926, he had a tonsillectomy and adenoidectomy performed 
Impression This w'as a most severe case of exophthalmic goiter, greatly im- 
proved but not cured by operation This condition was complicated by severely 
infected tonsils 
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George R A No 275358 Age 24 \ cars, white, male, mnmed, truck driver 
Admitted March 24, 1926 Discharged April 29, 1926 

History For jears he has had frequent frontal headaches For three years 
he has had shortness of breath and severe palpitation on exertion which has grad 
ually become more intense He also has had an occasional, non radiating, stab- 
bing precordial pam For one >car he has noticed an increasing weakness, 
emotional instability, and a feeluig of heat with marked sweating He had a 
markedly increased sqipctite but good digestion and regular bowels His neck 
was growing larger 

Physical examination He was wdl developed and nourished Skin was 
moist There was tremor of the hands There were visible pulsations m his 
neck Thyroid was enlarged with marked bruit There were no eye signs 
There was a diastolic murmur heard at the left border of the sternum Blood 
pressure was 210/75 There was a capillary and comgan pulse Heart rate was 
130 

Lahoraiary findings Unne and blood were normak 

Treatment and progress He had complete rest m bed and after two weeks 
Lugol’s solution was started On April 17, 1926, a sub-total thyroidectomy was 
done He had an uneventful recovery Pathological report showed folbcular 
hjperplasia 

Impression ITus was a case of aortic regurgitation with a very mild Graves’ 
disease Operaton was advised largely because of the heart lesion and it pro- 
duced a marked general improvemcDt 

Herberts E No 275575 Age34>'cars married, white, male, mail carrier 
Admitted April 5, 1926 Discharged May 23, 1926 

History He has been married ten years and has three children One child 
died at 5J months from lobar pneumonia His wife has liver enlargement and 
some cardiac decompensation He had a Neissenan infection fifteen vears ago 
For a year he has noticed promlnenccof his eyes Gradually he noted definite 
nervousness and irritability, excessive perspiration with a voracious appetite 
but loss of strength and 22 pounds m weight. For two weeks he has noticed a 
much enlarged thyroid with increased tremor of his hands, jialpitation, and 
d>'spnca on exertion He has had three transient attacks of precordial pam 
m the past month 

Physical examination He wraa fairly well developed and nourished and m no 
distress He was very nervous Skin was moist and warm, with tan pigmenta 
tion There w'as marked bilateral exophthalmos and lid lag Thyroid was 
symmetncallv enlarged There was lumbar lordosis Heart showed a forceful 
apex impulse but was not enlarged Sounds were rapid and regular Blood 
pressure was 175/75 There was a fine tremor of the hands 

Laboratory findings Unne was normal Blood showed a red count of 4,680,000, 
white count 8,150 and hcmoglobm of 75 per cent. Differentia] count showed 
poljTnorphonudcars 61 per cent, small liTnphoc}i.cs 12 pet cent, large lympho- 
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cytes 25 per cent, and eosmophiles 2 per cent Non-protein nitrogen was 29 
mgm per 100 cc Wassermann was strongly positive on two examinations Basal 
metabolism on April 7, 1926 was plus 48 per cent 

Treatm&jit and progress He had complete rest m bed and Lugol’s solution was 
started after two weeks On April 29, 1926 a sub-total thyroidectomy was done 
Pathological report showed folhcular hyperplasia FoUowmg operation he had 
typical lobar pneumoma of the left lower lobe with a crisis on the eighth day 
Basal metabohc rate on May 20, 1926 was rmnus 18 per cent 
Impression Exophthalmic goiter, tertiary syphilis 

Rose Lee K No 275699 Age 63 years, female, white, married, housewife 
Admitted Apnl 12, 1926 Discharged May 23, 1926 

Htstory Patient has had fourteen children of whom seven died from obstetncal 
operations and three died m infancy She has had no miscamages She has had 
recurrent tonsilhtis She also has had pleuntis and pneumoma She had her 
menopause at 53 years of age 

Present illness She was always a hard worker For the past year she had 
noticed increasmg fatigue, nervousness, palpitation, and tremblmg of hands 
Swelhng m her neck was noticed ten months previous to entry Appetite became 
poor and she had epigastnc distress reheved by food, and difficulty m swallowing 
For SIX months she has had shortness of breath and orthopnea She was easily 
irntated and perspired easily She has lost 57 poimds in weight 

Physical examination Patient was poorly developed and nourished, appre- 
hensive, and nervous There was shght exophthalmos, blephantis, and shghtly 
congested pharynx Her thyroid was asymmetrically enlarged, nodular, and 
very firm There was local glandular enlargement Heart was enlarged to the 
left Rate was rapid and regular Liver edge was palpable Blood pressure 
was 180/70 

Laboratory findings Urme was normal Blood showed red count of 5,200,000, 
white count 15,000, and hemoglobm 70 per cent Differential count showed 
polymorphonuclears 63 per cent, small lymphocytes 29 per cent, large lympho- 
cytes 7 per cent, and mast cells 1 per cent Non-protem mtrogen was 26 mgm 
per 100 cc Wassermann was negative Basal metabolic rate on Apnl 15, 1926 
was plus 87 per cent 

Treatment and progress She had complete rest m bed and after eleven days 
Lugol’s solution was started On May 6, 1926, a sub-total thyroidectomy was 
performed Pathological report showed folhcular hyperplasia Basal metabohc 
rate on discharge was plus 27 per cent 
Impression Exophthalmic goiter 

Chnstme B No 274688 Age 22 years, female, white, mamed, hospital 
ward maid Admitted February 15, 1926 Discharged Apnl 3, 1926 

History She was separated from her husband She had had no pregnancies 
She was strong and weU up to present illness She noticed a goiter one year 



J C AUB, W BAtTEE, C HEATH AND M ROPES 129 

previous to entiy and had hten easily upset emotionall> vdth crying and nervous 
spells For one month she had noticed palpitabon, all^t prominence ol her eyes, 
increased su eating, and shght difficulty in swaHomng 

Physical examination She was a well developed and nourished, very short 
j oung woman who felt hot There waa definite eiophthalmos There was n 
fine tremor of hands and tongue. Thyroid was symmetncallv enlarged, firm, 
with bruit Heart was rapid and regular with no enlargement 

Laboratory jindings Unne was negative Blood showed red count 5,656,000, 
white count 8,000, and hemoglobin 80 per cent Smear showed polymoipbonu 
clears 78 per cent, small lymphocytes 20 per cent, and large lymphoqtes 2 per 
cent Non protein mtrogen was 32 mgm per 100 cc Wassermaim was negative. 
Basal metabolic rate on February 17, 1926 was plus 76 per cent, pulse 116, and 
weight 43 8 kgm 

Treatment and progress Patient had complete rest m bed and Lugol’s solution 
was started at the end of two weels. On March 12, 1926, a subtotal thyroidec 
tomy waa done Her basal metabohc rate at time of discharge was minus 7 
per cent. Patient was apparently cured by the operation 
Impression Severe erophthalmic goiter 

Elisabeth B No 274040 Ago 27, female, white, single, stenographer 
Admitted January 9, 1926 Discharged March 3, 1926 
Uutory Rheumatic fever at eight years for su months She had two attadrs 
of tonaiUitis, Catamenia was somewhat irregular For ten years she had been 
nervous, marked by very easy eiatabllity, crying and insomnia. She had grown 
worse in the last three months and had lost 15 pounds m spite of an mcreased 
appetite She had a feeling of warmth, fatigue, and palpitation For ten days 
she had noticed sweiling m her neck She feit quite bred 
Physical examination Patient was nervous and tmtehy She waa well devel- 
oped but slifditly thin with moist skin Throat and tonsils were slightly red. 
There were no defimte eye signs Thyroid showed moderate, smooth, diffuse en 
largement greater on the right with a marked bruib Heart was enlarged Adiaa- 
tohe murmur waa heard by one erammer only Blood pressure was 144/80 
Laboratory jindings Unne showed a few white cells, otherwise negative on 
five examinations Blood red count 4,300,000, white count 8,000; hemoglobin 
70 per cenb Differential count showed polymorphonuclcars 50 per cent, Tnoll 
lymphocytes 40 per cent and large lymphocytes 10 per cent 'Wassennann was 
negative. Non protein nitrogen was 29 mgm per 100 cc. Basal metabolism on 
January 11, 1926, was plus 79 per cent 

T realment and progress Patient had complete rest m bed and Lugol’s solution 
waa started at the end of eleven days During her stay m the ho^ltal she had sev- 
eral attacks of severe pam in her joints accompanied by slight fever anda rise m her 
white blood count Joints were aB slightly swollen, warm, tender, but not red. 
She was relieved by salicylates. February 13, 1926, a subtotal thyroidectomy was 
done Pathological report showed folhcular hyperplasia 
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Treatment and progress She was greatly improved by the operation and left 
the hospital apparently well Basal metabobsm on February 23, 1926 was plus 
7 per cent 

Impression Moderately severe exophthalmic goiter— complicated by a mild 
attack of rheumatic fever 

Sophia J K No 277495 Age 58 years, mamed, white, female Admitted 
July 15, 1926 Discharged August 8, 1926 
History Patient was m good health until three years ago when she first noticed 
a lump m the right side of her neck which had gradually mcreased m size She 
then became nervous and “fidgety " This mcreased so that two years ago her 
hands began to tremble, enough to bother her m writing She also has noticed 
some palpitation and shortness of breath on the shghtest exertion There has 
been no mcreased perspiration For the past three years she has had occasional 
stabbing pams m the lumbar repon Durmg the past seven months she has had 
a vaginal discharge which is wateiy, at times bloody, and at other times purulent 
and bloody, no odor She had measles and whoopmg cough as a child and rheu- 
matism twenty years ago Thirty years ago she w as treated for metntis Eleven 
years ago she had two uterme tumors removed 
Physical examination She was a nervous woman with marked coarse tremor 
of hands but no exophthalmos There was a small round hard mass m the nght 
lobe of the thyroid There was a blowmg systohc murmur at apex Heart was 
normal in size Blood pressure was 150/70 She had a moderate cystocele and a 
marked bloody discharge from the uterus 

Treatment and progress Operation was performed with excision of adenoma 
Dilatation and curettage was done, the curettmgs showing tuberculosis 
Impression Toxic adenoma of thyroid, tuberculous endometntis 

Margaret D No 269527 Age 48 years, white, marned, female Admitted 
April 8, 1926 Discharged May, 13, 1926 

History She has been mamed twice First husband divorced She has 
one child living and well Menopause occurred at 44 years Patient entered the 
hospital one vear previous to present entry complammg of nervousness of 8 months 
duration, some dizzmess and dyspnea, mcreased perspiration, dislike of warm 
places, slight palpitation for one month, with a tight feehng m her throat She 
had nobced enlargement of the thyroid for some time She refused operation 
at that time Two treatments by x-ray were without benefit and she feels she 
has grown worse smce her first entrance Dyspnea and weakness are mcreased 
She IS emotionally unstable and she has noticed an mcrease m the size of her neck 
with some difficulty m swallowmg 

Physical examination She was a well developed and fairly well nourished 
woman with considerable brownish pigmented areas of the skm There was 
moderate exophthalmos and some tremor of fingers The right lobe of the 
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thyroid had a solid, nodular enlargement, approximately 5 by 5 an with a left 
lobe not appreciably enlarged Heart showed no enlargement There was a 
svstolic murmur at the aortic area Blood pressure wtis 124/80 

Laboratory findings Unne was negative Blood was negative Wassermann 
was negative hlay 10, 1926, non protein nitrogen was 26 mgm per 100 cc 

Treatment and progress She had complete rest in bed and Lugors solution 
was started after seven days AprQ 28 1926 a lobectomy was performed 
Pathological report ‘ Probably comes within limits of normal thyroid except for 
few miliary adenomata " She made an uneventful recovery Patient was very 
quiet and calm when discharged Basal metabolic rate on discharge was plus 
5 per cent 

Impression Adenoma of thyroid with mild toxiaty 

John Francis \\ No 277489 Age 63 years, widower Admitted July 15, 
1926 Discharged August 14, 1926 

Hutory He dated his present pallor back twenty > ears He said it came on 
foliowring a "drinking bout” and had been present ever since He thought his skin 
was more drj coarse, and j'ellow than formerly Several later he noticed 
his bod> hair (e\'cbrow8, chest, aiilliaiy and pubic) began to fall out For 
the past three j ears he had noticed he could not stand cold weather He had had 
increasmg weakness and inabUitv to endure exerose He was drowsv most of the 
time and said his memoo ^as very poor for recent events He had noticed m 
creased constipation for the past few j ears Appetite was fair He had had puff> 
ej^es of late He could not obtam work as a collector because of his appearance 
There had been no mcreose In weight 

Physical exainitialton He was a very obese man of 63 with a marked pallor of 
his raucous membranes Skin had a yellow tmt, was coarse, dry and appeared 
edematous — did not pit on pressure His cvebrows were almost absent, as was 
the hair of his axillae chest and pubic region His tongue was thick Speech was 
slow and sluggish There was a perforation of the nasal septum Lungs showed 
chrome bronchitis Heart was negative Blood pressure was 160/74 Vessels 
showed moderate sclerosis 

Laboratory findings Urme blood and Wassermann were all negative Non 
protein nitrogen on July IS, 1926 was 30 mgm per 100 cc 

Progress and treatment Patient was studied for 14 da)^ before therapj was 
started On Jul\ 31, 1926 he was started on thyroid extract grains 6 per day 
On thyroid therap) he was greatly Improved Basal metabohe rate on August 
8, 1926 was mmus 14 per cent 

Impression hl>’iedenia, arteriosclerosis, cmphj'sema and chrome bronchitis 

Hazel B W No 277422 Age 23 jears, smgle, white, female Admitted 
Jul> 12 1926 Discharged August 12, 1926 

Btstor\ For j’cars patient had suffered from backache which was relieved b> 
rest For the past eight months she had had increasmg genenfl weakness often 
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accompanied by shortness of breath requmng rest after she had walked a few 
hundred yards For the past siz months she had been sensitive to cold, m fact 
she felt cold most of the time She also had noticed she perspired very little and 
that her skm was dry and much coarser than previously Dunng this same period 
her memory had become poor At tunes her tongue had felt swollen and tender 
With the above symptoms she had mcreased gradually m weight so that at the 
time of entry she weighed 130 as compared with her best previous weight of 102 
Appetite was poor She had been constipated for years Catamema had been 
absent for the past 2} years 

Physical examination She was a young woman of 23, well developed and nour- 
ished She appeared drowsy and apathebc Face had a puffy appearance espe- 
aally about the eyes Skm was coarse and dry Hair was coarse She had a 
defimte pallor Blood pressure was 80/60 

Laboratory findings X-rays showed an enlarged sella turaca and sacrodiac 
arthritis Electrocardiogram showed the Tj to be 1 mm with small complexes 
and a rate of 85 Wassermann was negative Blood — red count was 3,720,000, 
white count 7,500, hemoglobm 80 per cent Non-protem nitrogen was 26 mgm 
per 100 cc Phthalem excretion was 5 per cent, 

FollovMip notes September 11, 1926 She did not mmd the cold Her 
strength seemed to have returned Appetite was better She talked much faster 
Her skm was softer She weighed 108 pounds She was takmg thyroid grains 
6 daily Basal metabohe rate was plus 35 per cent Thyroid was cut down to 
grams 2 per day because of the high basal metabohe rate 

November 16, 1926 Menses returned last month, lasted seven days, required 
three to four napkins per day It was non-pamful Her basal metabohe rate was 
plus 1 per cent but she had some symptoms of myxedema retunimg Thyroid 
was mcreased to grams 4} per day 
Impression Myxedema 

Elizabeth M D No 276291 Age 52 years, white, mamed, female First 
admisssion May 13, 1926 Discharged May 20, 1926 Second admission 
June 2, 1926 Discharged July 2, 1926 

Sistory She had her menopause seven years ago She felt well until one 
year ago At that time numbness and a cold feelmg m her hands began She 
gamed 28 pounds m one year She had mmded the cold espeaally durmg the past 
wmter Her skin always had been dry and she had not perspired much Her 
hands had become broad and puffy m the past two years She was not exatable 
and her memory had become poor There had been very httle loss of hair Her 
appetite was good She had no dyspnea and no palpitation She had recently 
stumbled over curbstones and for six months she had had difficulty m clrmbmg 
stairs because of stiffness of the legs 

Physical examination She was a well developed and nourished, obese woman — 
dull and apathetic Skm was coarse and dry Hair was rather coarse Heart 
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was not enlarged The sounds were distant There was a soft systobc murmur 
at the base Abdomen was protuberant with diastasis recti Eitrcmities showed 
varicose veins and sbght edema of both antics 

Laboraicry jindingi Unne was negative except for occasional white blood 
ccUs and epithelial cells on four examinations Blood — red count was 4,300,000 
White count was 6,400 Hemoglobin was 60 per cent Differential count showed 
polymoiphonuclears 64 per cent, small lympho<ytes 30 per cent and large Ivmpho 
cvte56 per cent Non-protem nitrogen was 38 mgm. per 100 cc, Wassennann 
was negative Basal metabobc rate was minus 34 per cent Weight was 73 5 
tgm. 

Treatment and progress She had complete rest In bed and during this time 
metabolic studies were made She was discharged on May 20th because of death 
in her family No treatment was started 

She returned, June 2, 1926 She was put on a bw caldum diet and calaum 
metabolism studies were made before and during thyroid therapy 
Impression hlyxedema. 

Mable H M No 274766 Age 34 years, white, mamed, female* First 
admission February 19, 1926 Discharged February 25, 1926 Second admis- 
sion April 6, 1926 Discharged April 28, 1926 
Bistory She had been mamed aght years She had one child* She had had 
no miscamages For ten years she had been troubled with a dull ache in her lower 
back on bending forward and had fdt tired For five years this weakness and 
fatigue had become mcreasingly more severe She noticed slowing of her mental 
reaction and a feeling of coldness Catamenia was always irregular and painful 
She was nervous, imtable, and slept poorly Three and a half years ago her basal 
metabolic rate at the Homeopathic Hospital was minus 15 per cent and minus 
18 per cent For two years she had noticed thickness of her tongue and bps with 
difficulty in her speech “Thyroid extract” at first resulted m headaches and pal 
pitation but gave her rebef 

Physical exammaiusn She was well developed and nourished, with thick lips 
and tongue The skin of her face was sli^tly yeHowuh Expression was slightly 
apathetic. She had external hemorrhoids 
Lahoratory findings Urine was negative. Red blood count was 4,384,000, 
white count 8,600, hemogbbm 80 per cent Differential count was normaL 
Non protem nitrogen was 35 mgm. per 100 cc Wassermann was negative Basal 
metabohe rate on February 20, 1926, was minus 17 per cent. Basal metabolic 
rate on April 8, 1926, was minus 29 per cent. Fundi were negative. X ra> 
showed a large deep sella turaco. 

Progress This patient was very much improved by thyroid therapy but was 
still nervous and easily upset emotionally She tired very easily and had fre 
quent frontal headaches 

Impression Mild myxedema question of pituitary tumor sacro ibac arthritis 
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Jenme W No 270359 Age 46 years, white, single, female History of 
previous entry — ^June, 1925 

Btsiory Two years ago she came to the Out Patient Department complammg 
of weakness, lack of ambition, loss of appetite and coldness of extremities These 
symptoms had come on gradually over two years Her speech was dull and hst- 
less and she looked pale with pouches under her eyes Menopause occurred six 
years ago Basal metabolic rate on July 3, 1924, was minus 26 per cent Basal 
metabolic rate on July 22, 1924, was mmus 32 per cent She was given th^^■old 
extract — grains U three times a day Basal metabohc rate on August 11, 1924 
was mmus 13 per cent Thyroid was increased to grams a day Basal metabohc 
rate on September 5, 1924, uas rmnus 1 per cent and patient felt better Basal 
metabohc rate on January 26, 1925, was minus 24 per cent Thyroid was reduced 
Basal metabohc rate on April 10, 1925, was mmus 13 per cent She then entered 
the Hospital (June, 1925) and her condition was studied Discharged July 4, 
1925 

Second admission u as on Apnl 30, 1926 She returned because of recurrence 
of sjnnptoms After discharge she was takmg 7§ grains of thyroid daily but 
her supply gave out about one month ago and symptoms slowly recurred 
Basal metabohc rate on April 27, 1926, was minus 33 per cent 
Physical examinalton She was well developed and nourished with shght 
puffiness under her eves There was moderate pallor of her skm with very shght 
dnmess 

Laboratory findings Unne was negative Blood shdwed a red count of 
4,216,000, white count 5,700, and a hemoglobin of 65 per cent Differential 
count showed polymorphonuclears 38 per cent, small Ijonphocytes 47 per cent, 
large lymphocytes 4 per cent, mast cells 9 per cent and eosmophiles 2 per cent 
Non-protein mtrogen was 23 mgm per 100 cc Basal metabohc rate was mmus 
34 per cent Wassermann was negative 

Treatment and progress She had complete rest m bed On May 14, 1926, 
she developed a definite psychosis wnth delusions of persecution She wanted to 
leave the hospital She was given thvroxm, 10 mgm mtramuscularly On May 
16, 1926, her psychosis was much improxed, 48 hours after 10 mgm of thyroxm 
mtramuscularly, yet she retamed certam ideas of persecution The basal meta- 
bohc rate rose to plus 13 per cent on thyroid extract 
Impression Myxedema complicated by mild psychosis 

Susan B F No 265471 Age 48 years, w'hite, mamed, female Admitted 
June 1,1926 Discharged July 15, 1926 

In 1924 she was in the Massachusetts General Hospital with the diagnosis of 
(1) strangulated internal henna, (2) myxedema, (3) chronic cj^titis A lapa- 
rotomy for intestinal obstruction was done 

History She was bom and had lived in Halifax, N S , until 7 3'’ears ago She 
had nme children and no miscamages Her penods stopped nhen her last child 
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Tvas born 17 ) ears ago She had not felt vvell since then At that tune she suf 
fcrcd from ^veakncss and shortness of breath and often had to rest She noticed 
some paleness and bloating of her akin with considerable drowsiness After t;vo 
\ ears of these sjTnptoros treatment wth **pills and medicine ’ relieved her and she 
Tcmamcd fairly well •until 1918 when she had influenza, after -which she became 
weaker and more short of breath on exertion No other symptoms occurred until 
two or three ^ea^s ago when a new group appeared Her face became more 
bloated lid fissures narrowed, at times her eyes almost dosed and she had swelling 
of her hands and ankles Her skin was rough, pale, dr> and flaked readily and m 
creased thickness was especially noticeable over the extremities Her hair fell out, 
was coarser and more brittle Her feet have been cold during the past three or 
four icar* At times she had tmgbng and numbness of her fingers and toes 
Her speech was more indistinct, slower and her tongue felt thick Her memory 
was bad, she remembered past events better than present She had frequent 
dizzy spells Her appetite was poor She had been constipated for vears 
Occasionally she had short transient pains over precordium accompanied by 
smothermg and choking spells All symptoms had grown progressively ^vo^8e 
80 that she needed a three to four day rest In bed every week Apparently she 
had not taken the thmid extract which had been presenbed for her 
PhMxccl examixuxlion She w‘as a pale, sluggish woman with well marked 
edema about the e>es Her skm was dry Her hair was coarse and bnttle 
Tongue was large Mucosae were pale Heart was sbghtlv enlarged to the left 
Sounds w ere feeble and distant There w os a moderate amount of pitting edema 
over the vertebral column from first lumbar vertebra down Knee jerks were 
extremely sluggish There was a reddish brown scar of an old varicose ulcer, over 
the middle antenor surface of the left tibia 
Laboralory jfndmgs Urine was negative except for occasional white blood cells 
and hyaline casts on three examinations Blood showed a red count of 3,088,000, 
white count 3 160, hemoglobm 45 per cent. Differential count showed poly 
morphonudears 44 per cent, small lymphoevtes 46 per cent large Ivmphoc^ tea 
1 F>er cent mast cells 4 per cent, basophilcs 2 per cent, and eoslnophiles 3 per 
cent Platelets were increased Non protem nitrogen was 38 mgm per 100 cc 
Basal metabohe rate was imnus 35 per cent, weight 60 4 kgra 
Trtalmcnt and progress She had complete rest m bed 

June 7, 1926 Patient was very weak She complained of weakness, pains m 
elbows and knees She seemed semi stuporous at times She had nausea and 
vomiting Patient was given 10 mgm thjTtixin at 10 15 p m 
June 10 1926 Patient had sore throat with fever ThjToxin 10 mgm given 
June 13, 1926 Patient had vcr> low caloric intake and continued fever 
She complained of pam in the muscles of arms and legs Th\Toxin 10 mgm again 
given 

June 22 1926 She was weaker and ver> nauseated She ate nothing and 
refused to cooperate 
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June 26, 1926 She seemed disonented and irrational at tunes Non-protem 
mtrogen 80 mgm per 100 cc Serum phosphorus 8 8 mgm per 100 cc IVhite 
blood count was 4100 She was given 20 cc of CaCIs mtravenously 

June 28, 1926 She was given 20 cc CaClj agam and 500 cc 5 per cent dex- 
trose mtravenously Non-protem mtrogen today was 110 mgm per 100 cc At 
tunes she was irrational, at other tunes senu-comatose 

July 14, 1926 She was much unproved, was eatmg agam, and did not vomit 
her food She looked thm The signs of myxedema had disappeared 
Impression The most marked type of myxedema 
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STUDIES OF CALCIUM AND PHOSPHORUS METABOLISM 
IV The Eftect of the Parathyroid Hormone' 

By fuller ALBRIGHT,* WALTER BAUER,* MARION ROPES akd 
JOSEPH C AUB 

(From iht Mtdkal dime of the ifassachtiults General Hospital, Boston) 
(Received for puhlicatlon September 14 1928) 

In our studies of calaum and phosphorus metabolism considerable 
data have accumulated on the physiological effect of parathormone 
(CoUip’s preparation) on normal and pathological subjects We are 
presenting m this paper such of these data as seem to us of value m 
explainmg its action 

As explamed m a previous paper (1) of this senes, we employ a 
diet madequate m calaum when studymg the effect of vanous 
factors on the endogenous calaum metabolism In a control senes 
of thirteen ''nonmal ' male individuals with an average age of 41 years, 
an average weight of 62 kgm , and an average calaum mtake of 0 33 
gram per three-day jienod, there was an average output m the unne 
of 0 19 gram, m the feces of 0 60 gram, making a total average output 
of 0 79 gram, and an average negative calaum balance per three day 
penod of 0 46 gram (1) In the observations about to be desenbed we 
have studied the quantitative effect of parathormone mjection on this 
negative calaum balance and have as controls both the senes sum 
manzed above and penods without medication on each mdividual 
subject The methods employed in the preparation of the diet, the 
collection of the excreta, and the chemical analj sis of the matenal 
have been described m a previous paper (2) 

Case I This case is presented first because it is in every way 
characteristic and because it presents the minimum number of 

* This investigation was aided in part bj the Lead Fund of thellarvard Medi 
cal Schooi and by the Fund for the Study of Otosclerosis 

* Research Fellow, Massachusetts General Hospital and Harvard Medical 
School 

* Medical Resident, Massachusetts General Hospital 
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complicating factors The subject was a girl of 16 years whose 
sole abnormahty was otosclerosis of serveral years duration We 
have no reason to suppose that otosclerosis affects the action of para- 
thormone, although it may have some quantitative effect on the nega- 
tive calaum balance while the subject is on a low calaum diet (3) 
She was studied for twelve three-day penods on a low calaum diet 
There was a three-day penod on low calaum diet before the mvestiga- 
tion was started, and this practice was adhered to m the other mves- 
tagations reported m this paper She received parathormone mjec- 
tions from the third to the eighth penods mclusive In chart la and 
Ib are given the data of the calaum, phosphorus, and mtrogen bal- 
ances, and of the blood serum calaum and phosphorus 
From the data the foUowmg observations of the effect of parathor- 
mone upon a subject receivmg a low calaum diet are noted 

(i) Durmg parathormone admimstration there is an mcrease m the 
negative calaum balance (in this case 165 per cent) 

(n) Following cessation of parathormone admimstration, the nega- 
tive calaum balance is less than in the control penods, suggestmg a 
compensatory mechamsm 

(m) The calaum excretion m the feces is unaffected by parathor- 
mone administration 

(iv) Durmg parathormone admimstration the serum calaum nses 
The mcreased urmary calaum excretion is roughly parallel to this 
nse 

(v) Both the nse m the urmary calaum on admimstration of 
parathormone and the fall m the urmary calaum on cessation of 
parathormone tend to be gradual (The nse is unusually abrupt m 
this case ) 


THE PHOSPHORUS METABOLISM 

The calaum losses from the body are at the expense of the calaum 
deposited in the bones This calaum is largely deposited as tertiary 
calaum phosphate (Ca P 1 93 1), but also partly as calaum car- 
bonate, so that the ratio of calaum to phosphorus m bone is approxi- 
mately 2 23 1 Therefore, it is of mterest to determine whether phos- 
phorus exaction durmg parathormone mjection corresponds to the 
maeased calaum exaction If such were the case and aU other fac- 
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tors were constant, the ratio of the negative calaum balance to the 
negative phosphorus balance should be 1 93 1 or 2 23 1, depending on 
whether parathormone affects only the calaum m calaum phosphate 
or whether it affects both the calaum in calaum phosphate and the 
calaum m calaum carbonate As the difference between these two 
factors IS less than the lumt of error of our data, we have arbitrarily 
chosen the Ca P factor as 2 23 1 Before a theoretical phosphorus 
balance thus obtamed can be compared with the actual phosphorus 
balance, a correction has to be made for the phosphorus involved in 
the deposition or hberation of protem (N P “ 17 4) Therefore, 
the phosphorus equivalent of the mtrogen balance and the phosphorus 
eqmvalent of the calaum balance have been calculated The sum of 
these equals the “theoretical phosphorus balance,” it bemg assumed 
that the phosphorus m muscle, body fluids, etc , would tend to remain 
m equihbnum When we later have occasion to use the expression 
"theoretical phosphorus exaction” we mean the phosphorus mtake 
plus the “theoretical phosphorus balance ” It should be noted that 
smce the phosphorus mtake is relatively high and smce there must be 
considerable error m its estimation, the determmed phosphorus bal- 
ance IS apt to vaiy from the theoretical by a certain fixed amount 
Smce the diet is constant throughout the experiment, this error will 
be constant In comparmg the “theoretical phosphorus balance” 
with the actual phosphorus balance, the relative changes from period 
to period are therefore more sigmficant than the actual difference m 
the two balances m any one pienod In order to study these balances, 
we have constructed chart Ic. Here the actual and theoretical phos- 
phorus balances have been recorded 

From an mspecbon of the phosphorus data (chart Ib), we have the 
additional observations 

(vi) The urinary phosphorus is mcrcased by parathormone ad- 
ministration without an effect upon the mtrogen balance 

(vu) The fecal phosphorus is httle if at all affected by parathor- 
mone mjection 

(vm) The serum phosphorus is decreased during parathormone 
admimstration 

(lx) As the serum phosphorus falls durmg parathormone admims- 
tiation, the serum calaum nses 
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Period No £ 4 6 B K) 12 


Chart la CALcroii Metabousm in Case I 
Line C represents a\erage total calaum excretion of control senes on a low 
calcium diet Line A represents average urmary calaum excretion of control 
senes on a low calcium diet (I) These lines have the same sigmficancem later 
charts 
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(x) The urinary phosphorus excretion tends to nse abruptly, 
often to Its highest pomt during the first penod of parathormone ad- 
ministration, and to fall abruptly to the pre parathormone level in 


Pcrtad No. 2 4 6 8 H) IZ 



Ptriod ^ 2 4 6 8 }0 12 


Chast Ib Phosphortts Metabousii in Case I 

the first period foUo^ving cessation of parathormone This is m con- 
trast with the urmaiy calaum excretionwhich shows a latent period 
A careful examination of chart Ic shows a relationship between the 
theoretical and calculated phosphorus balances This seems hit or 
miss on first inspection but will be found constant in all later expen 
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ments, namely, that there is a phosphorus eoxretion m excess of the tlieo- 
retical amount during the first period or periods of parathormone admin- 
istration, and a phosphorus excretion less than the theoretical amount 
during the first period or periods following cessation of parathormone 



Chart Ic “Theoretical” and Actual Phosphorus Balances in Case I 

One can predict variations m the unnary calcium excretion for any 
given period from chart Ic by the relationship of the theoretical phos- 
phorus balance to the calculated phosphorus balance of the preceding 
penod Thus periods 3 and 6, where the actual phosphorus excre- 
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tions nse much more than the theoretical phosphorus excretions, are 
followed by a rise m the imnary calcium m penods 4 and 7 , penods S 
and 9, where the actual phosphorus excretions fall much more than the 
theoretical phosphorus excretions, are followed by a fall m the unnary 
calaum in penods 6 and 10 

It will now be necessary to consider the significance of an actual 
phosphorus excretion m excess of a theoretical phosphorus excretion 
One of two explanations seems likely Possibly when calaum phos- 
phate IS mobilized from the bones the phosphorus is excreted more 
rapidly than the calaum Evidence against this explanation is 
found m case VI of this paper Or possibly it may be due to an ex- 
cretion of the phosphorus m solubon in body flmds, blood, etc. If 
such is the case one would expiect the serum phosphorus to vary with 
the discrepancy between the actual and theorebcal phosphorus excre 
bons In chart Ic, it will be noted that this appears true We have 
then these further observabons 

(xi) Durmg the first penod of parathormone admmistrabon more 
phosphorus is excreted than can be explamed by the calaum and 
mtrogen balances (theorebcal phosphorus excrebon) 

(xu) Durmg the first penod foilowmg cessataon of parathormone 
admimstrabon, less phosphorus is excreted than can be explamed by 
the calaum and mtrogen balances 

(xm) Durmg parathormone admmistrabon any tendency tor the 
actual phosphorus excrebon to nse above the theorebcal phosphorus 
excretion is followed by a tendency for the unnary calaum excrebon 
to nse after a latent penod of about 3 days (1 penod) The converse 
13 likewise true 

(xiv) A nse m the actual phosphorus excrebon above the theorebcal 
phosphorus excrebon is apparently partly at the expense of the phos- 
phorus m the body fluids and results in a fall of the serum phosphorus 
From case I we have made certain observabons These are con- 
firmed by the other cases and new observabons are added 
Case II This case is very similar to case L The subject was 
a boy of 16 who had symptoms of otosclerosis for about four years 
He was studied for thirteen three-day penods on a low calaum diet, 
then sent home for three months on a normal diet, and finallj further 
studied on a low calaum diet for fifteen more three-day penods The 
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Chart Ha Calcium Metabolism in Case n 
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medication and the calaum, phosphorus and mtrogen balances are 
recorded m charts Ha, Ilb and He 
The calaum data confirm the observations made on case I The 
calaum nse (penods 3, 4, and 5) is more step like than in case I 
The negative calaum balance durmg the control penods (1, 2, 14, 


C4t>«ii MnisauMaa 



P,n*d 1 4 0 e (0 tt 14 IQ IS a □ 14 n IQ 


CnAST lib Phosphorus AIetabousii in Case II 

and IS) IS verj’ low, and actually becomes positive in penods 14 and 15 
WTiether this is due to the fact that the patient was growing or to the 
fact that he had otosclerosis has not been determined and does not affect 
the present discussion The very high serum calaum m penod 3 
represents a determination taken in the afternoon and so is not com- 
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Chart He “Theoeeticai.” and Acthae Phosphorus Balances in Case II 
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parable with the other calaum detenmnatioiis which represent morn- 
ing values This is important because the serum calaum level alter 
a dose of parathormone vanes over a penod of hours, so that in a 
study like this the mjections and the blood examinations should be 
made at a fixed time each day It should be noted that the calaum 
response to parathormone was much greater m this than in the previ- 
ous case. In the second half of the experiment, the response to para- 
thormone, after a satisfactory start m penods 16 and 17, completely 
wears off in penbds 18 to 23 This is apparently not due to a lack of 
available caloum as there is a good response to amm onium chlonde 
m penods 24 to 26 The calaum response to ammomum chlonde, 
like the calaum response to parathormone, is almost entirely unnaty 
The phosphorus data (charts Ilb and lie) also corroborate the ob- 
servations on case I Parathormone affected the phosphorus excre- 
tion more abruptly than it did the calaum The initial nse m the 
first penods of medication and the rapid return to normal on cessation 
of the drug is more preapitous in the phosphorus figures This is 
brought out more clearly when companng the actual phosphorus out- 
put with the theoretical figure In the first response to parathormone 
the actual phosphorus excretions exceed the theoretical expectations, 
and are less than the theoretical expectations when the parathormone 
response disappears Phosphorus excretions above the theoretical 
appear to be assoaated with a falhng blood phosphorus and to be 
accompamed m the foUowmg penod by a nsmg calaum excretion 
Dunng the second admission the same pnnaples prevaQ, namely, 
the actual phosphorus excretion exceeds the theoretical phosphorus 
excretion dunng the first penod of parathormone admimstration and 
IS accompamed by a falhng serum phosphorus, then as the parathor- 
mone becomes meffective the actual phosphorus excretion falls below 
the theoretical phosphorus excretion and the serum phosphorus nses 
to an unusually high level The effect of the ammomum chlonde on 
the phosphorus excretion is rather inconclusive The tendency seems 
to be for the unnary phosphorus to nse, which was to be expected 
(4) (11) (see also cases m and VI below) 

The additional observations to be noted from case H are 

(xv) The effect of parathormone injection on the unnary calaum 
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excretion and the blood serum calaum may wear out completely 
This has been corroborated by our studies of tetany (5) 

(xvi) This impotency of parathormone is apparently not due to an 
exhaustion of the available supply of calaum, because the calaum 
excretion can stdl be mcreased in a normal manner by ammomum 
chloride ingestion 

(xvn) The first evidence of a cessation of the effectiveness of para- 
thormone IS a fall in the actual phosphorus excretion below the theo- 
retical phosphorus excretion 

(xvm) With ammonium chloride mgestion there is a nse m urmary 
calaum and phosphorus excretion 

Case III In case III, as m case 11, we have further opportumty of 
studymg what happens as parathormone mjections lose their physio- 
logical effect The subject was a colored boy of 14 who was suffenng 
from an ossifymg hematoma (myositis ossificans) of the nght thigh, 
which had developed as a result of trauma three weeks before admis- 
sion In order to see whether parathormone could mobihze calaum 
from regions other than the bones, we gave the patient a low calaum 
diet with parathormone mjections No metabohsm studies were 
made until the patient had been on this regime for 16 days, though 
there was obviously a fau response to parathormone as judged from 
the fact that the blood serum calaum rose to a maximum of 13 mgm 
The patient was then studied for 20 threC-day penods while stdl 
on a low calaum diet He was sent home for four months on a 
normal diet, and finally was studied again for 9 three-day penods on a 
low calaum diet The medication and the calcium, phosphorus, and 
mtrogen data are given in charts Hla, Hlb, and IIIc Dunng penod 
2 the patient had an attack of tonsilhtis but his temperature remamed 
elevated only 24 hours He developed generalized urticana dunng 
penod 25, which cleared up promptly when parathormone was dis- 
continued AU of these efforts to ehmmate body calaum produced 
no change in the density of the ossifying hematoma as demonstrated 
by x-ray 

An mspection of chart IHa shows that in spite of inaeasmg doses 
the effect of parathormone on the serum calaum and urmary calaum 
excretion was gradually lost It is to be noted espeaally that the 
calaum excretion falls not only to what it would be without parathor- 
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monebut even to a much lower level, so that finally a positive balance 
IS obtained in the latter half of the observation 
The second part of this observation follows a rest penod of four 
months During this time he grew veiy^ markedly, and this may be 
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Chart nia, Caicttu JIetabolisii in Case HI 

the cause for his havmg the lowest calaum excretion we have observed 
in normal indmduals on this test diet In this second observation 
large doses of parathormone again fail to affect the calaum excretion, 
and the blood calaum even falls, although ammonium chlonde stdl 


TOr JOT7*»AL or CLDOCAL IfTOTtOATlOX TOU VTt KO I 
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proved effective Thus the observation is corroborated that mobiliza- 
tion of calaum can still be accomphshed though parathormone proves 
meSective 

The effect of parathormone on the phosphorus metabohsm is 
similar m kind to that seen m cases I and n On his second admis- 



sion, however, it is of mterest to note the high imtial serum phosphorus 
level, which may be due to the season of the year (7) and to the fact 
that he was growing (7) As parathormone is admimstered (penod 
22), m spite of no effect on the calaum metabolism, there is some nse 
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in phosphorus excretion, an actual phosphorus excretion in excess of 
the theoretical phosphorus excretion (chart life), and a correspond- 
ing fall of the blood phosphorus Thus far, if we judge from the phos 
phonis data, the parathormone effect has been dassicaL But the 



Chart IHc. "Tbroiietical’' and Actual Phosphorus Balances in Case HI 


increase in the actual phosphorus excretion over the theoretical phos- 
phorus excretion in penod 22 is not followed by a nse in the calcium 
excretion The mcreased phosphorus excretion lasts only for one 
period and then falls just as m penod 17 of case If (chart Ilb) It is 
of interest that the data of Robinson, Huffman and Burt (25) on the 
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effect of parathyroid extract on normal calves show one case in which a 
classical phosphorus response was obtamed without any concomi- 
tant calcium response As parathormone is discontinued and am- 
monium chlonde is given, the serum phosphorus agam rises to the 
pre-parathormone level (chart Illb) 

From case III we learn 

(xix) In a person who has had parathormone and who has become 
“immune” to it, the negative calaum balance on a low calaum diet 
IS much reduced or even becomes positive (see also case 11) 

(xx) The phosphorus response to parathormone adimnistration in 
a person who fails to show any calaum response is shorthved, but 
quahtatively normal m this case 

(xxi) Sodium bicarbonate admimstered to this individual did not 
effect or decrease the effectiveness of parathormone 

(xxu) Parathormone admimstration has not been found helpful 
in decalcifying an ossifying hematoma (See also case VUI ) 

Case IV The subject of this observation was an Italian laborer 
of 55 who was suffenng from chrome lead poisoning The effect of 
parathormone on his lead excretion has been reported as case I by 
Hunter and Aub (8) We have selected 18 three-day periods on a low 
calaum diet to report here m more detail The medication, calaum 
balance, and blood plasma calaum data are given in chart TV The 
nitrogen and phosphorus balances were not detenmned 

It wiU be seen that the plasma calaum and the calaum excretion 
(espeaally fecal) fall off markedly during the 8 periods (24 days) 
followmg parathormone admimstration There is then an elevation 
of the calaum excretion and of the low plasma calaum followmg am- 
monium chlonde ingestion as shown in the last three penods The 
mcreased calaum excretion appeared largely in the feces 

This experiment confirms observation (ii), that after there has been 
a marked loss of body calaum produced by parathormone, the nega- 
tive calaum balance on a low calaum diet is reduced It also gives 
us these additional observations 

(xxm) Dunng calaum starvation over long penods of time, es- 
peaally if there has been an additional loss of calaum due to penods 
of parathormone adnunistration, the blood calaum tends to fall (see 
also case HI — penods 21-29 on chart Ilia) 
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(tnv) A low blood calaum level due to calaum starvation is raised 
by ammonium chloride (see also case HI) 



CiiAKT IV Caiciuii JIetabousu in Case IV 
The blood values in this case are on blood plasma 

Case V The subject of this mvestigation was a pamter, aged 60, 
who uas suffenng from chronic lead poisoning with wnst drop The 
results of the studies on lead and calaum excretions dunng periods 
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1-36 have been reported by Hunter and Aub (8) as then: case IV 
We have selected certain of these penods (4r-14, 21-23, and 24-36)^ 
to report in greater detail and are reporting 19 additional penods on 
the same patient (5 '-24') The data are shown m charts Va and Vb 
It will be noted that penods 4r-6 differ from all other penods thus far 
discussed m that the low calaum m the diet is mcreased by the ad- 
dition of calaum lactate. 

The most striking part of these data (chart Va) is the extremely high 
plasma calaum dunng penods 6, 7, and 8 produced by a dosage of 
parathormone which was relatively small when compared with that 
used m previous cases Furthermore, at these high levels, the urinary 
calcium excretion does not nse m proportion to the plasma calcium, 
but remams approximately constant when the plasma calcium nses 
above 14^15 mgm (cf 20 mgm m penod 7) The tendency for the 
plasma calcium to fall below normal foUowmg cessation of parathor- 
mone admimstration and to nse again with ammomum chlonde 
admimstration is well shown and is confirmatory of observation 
(xvi) (v supra) Turning to penods 5'-24' one notes that sodium 
thiosulphate had no effect on either the calaum or the phosphorus 
metabolism This does not concern the present subject but is dis- 
cussed in a paper deahng with the effect of sodium thiosulphate on 
lead excretion (9) The response to parathormone in penods 10' 
and 11' is classical The phosphorus response in the urme is one fuU 
penod ahead of the calcium response and greater than can be explained 
by the calaum-phosphorus ratio of bone The shghtly elevated blood 
serum phosphorus value on the second day of penod 11', correspond- 
mg to the calcium value of 14 6, is in disagreement with the observa- 
tion made in cases I-IV, where it was seen that the serum phosphorus 
falls when the serum calaum nses This type of reaction is apt to 
occur when the calcium value has nsen over 14 mgm and is associated 
with a sudden dimmution in phosphorus excretion We beheve this 
is entirely a secondary phenomenon dependent on the high serum 
calaum It also accounts for certam sudden falls m the actual phos- 
phorus excretion seen in most of the C charts which do not occur when 
the calcium is kept at a lower level (cf case VH below) The sodium 

* The patient left the hospital for one week between penods 23 and 24 
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The blood values dunng the first admission are on blood plasma and during the second admission 
on blood scrum 
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bicarbonate given in periods 19' and 20' increased both the unnary 
and fecal calaum and phosphorus, but especially the fecal phosphorus 



Chart Vb Phosphorus Metabolism During Second Admission on 

Case V 

(xxv) Parathormone has more effect on the blood calaum level of 
this patient than on that of any other in our senes Its effect, 
therefore, may vary in different individuals 

(xxvi) When parathormone is admimstered to a patient on a rela- 
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lively high calaiun diet, the serum calaum rises more than if the pa- 
tient were on a low calaum diet 

(xxvu) When the serum calaum rises above 14-15 mgm , there is 
not a corresponding mcrease in the unnary calaum excretion 

(xxvm) \\Tien the serum calaum rises above 14-15 mgm , the uri- 
nary phosphorus excretion falls and the serum phosphorus nses 
(xxLx) Sodium bicarbonate when admmistered alone causes a sbght 
increase in the calaum and phosphorus excretions in the unne and 
espeaally m the feces fsingle observation— see also conclusion (xxi)) 
We do not differentiate here between excretion by and lack of absorp- 
tion from the gastrO-mtestmal tract 

(xxx) Sodium thiosulphate given mtravenously is without effect 
on the calaum and phosphorus excretions m this case. 

Case VI The subject for this eipenment was a coUegc man of 23 
who had been afflicted with otosclerosis for ten years He was studied 
for 14 pienods of 3 days each, and he received parathormone mjections 
for the long consecutive penod of 36 days The data of this expen- 
ment are tabulated in charts Via, VIb and Vic 
The phosphorus response to parathormone is unusually gradual but 
it still appears to be one penod ahead of the calaum response The 
excess of the actual phosphorus excretion over the theoretical phos- 
phorus excretion is large (penods 5 and 6 — chart Vic) and the response 
in the unnary calaum is correspondmgly large The tremendous 
increase m the unnary calaum excretion in penods 10 and 11, when 
ammomum chlonde is given in conjunction with parathormone, is 
most stnkmg The total is probably beyond the sum of the mcreased 
exactions which would have been obtamed had the drugs been ad- 
mmistered separately There was no marked change in the serum 
calaum as a result of the ammomum chlonde But what is pahaps 
the most important observation from a theoretical point of view is 
that the increases m the calaum and phosphorus exactions are com- 
adent (chart Vic) The excretion of the extra calcium does not 
e.xtend mto penod 12 Thus when calaum phosphate is pulled from 
the bones by means of ammomum chlonde, the calaum and the phos- 
phorus are excreted in the same penod This is suggestive evidence 
that the excess phosphorus excretion above the theoretical, which is 
found at the beginmng of parathormone admmistration, is due to an 
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Chart Vila Calctom Metabousm in Case Vn 










Chart VIIc “Theoreticax”_and Actual Phosphorus Balances in 

Case VII 
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falls below the theoretical phosphorus excretion to about the same 
degree as it rises above this level at the beginning of parathormone 
admimstration 

The new observation to record from this expenment is 
(ixxv) Dunng parathormone admmistration the phosphorus ex- 
cretion tends to reach its highest level in the first periods 
Case VTIT The previous expenments have been confined almost 
entirely to the study of calaum and phosphorus metabolism dunng 
parathormone administration and to a few isolated observations dur- 
mg the mgestion of aads and alLahes In view of the conception of 
bone calaum as a reserve supply of fixed base, elaborated by Gamble 
(10) (11), it seemed wise to study at least on one patient, the total 
aad-base changes m the unne, m order to determine whether the 
increased mobilization of calaum phosphate with parathormone ad- 
mimstration is assoaated with the formation of some aad radicle, 
as weU as to mvestigate the effects of this drug on morgamc salts 
other than calaum and phosphorus 
The patient was a laborer of 45 who, like case m, was receiving 
parathormone m the hope that it v?ould decalcify a large ossified 
hematoma of three months’ duration No defimte ditmmshed den 
Bity by x-ray could be demonstrated m the lesion foUowmg the para- 
thormone therapy here descnbed This result is similar to that m 
case nr The patient ate exactly the same diet dunng the 42 con- 
secutive days of the mvestigation He was also on a constant fluid 
intake The determinations included calaum, phosphorus, and total 
base analyses on the unne and feces, sulphate, chlonde, and ammonia 
analyses on the unne, and total base, calaum, and phosphorus 
analyses on the diet We also detemuned what we have called “the 
titratable acidity minus COj ” It was obtained by adding a known 
amount of n/10 hydrochlonc aad to the urme, aeratmg until all the 
COj was dnven off, and then titrating back to a pH of 7 35 The 
value was obtained by subtracting the amount of aad used from the 
amount of alkah used m the titration The details of the other 
methods employed have been discussed in. a previous paper (2) The 
data for expenment VUI are given in charts Villa, VH ih, Vlilc, 
Vnid, ITHe, and YHIf 
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Chart Villa Calciom Metabolism: in Case VIII 
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Charts Villa, Viilb, and Vliic correspond to previous charts 
except that in charts Viilb and c the actual phosphorus balance was 
obtained by usmg the determined phosphorus intake rather than the 
estimated phosphorus intake The determined phosphorus mtake 
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Chast VUlb Phosphokus Metabolibu in Case VTTT 


per three-day period was 300 mgm lower than the estimated phos- 
phorus mtake This gives an indication of the possible error in the 
estimation of the phosphorus mtake m the previous C-charts, and re- 
emphasizes the fact that the relative changes m the actual and theo- 
retical phosphorus balances from penod to period are more sigmficant 
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than the absolute differences in any one penod Charts VrUa, 
Vmb, and VHIc offer further evidence m favor of previous observa- 
tions but add no new observations The sodium bicarbonate seems 


Period No 2 4 B S 10 12 M 
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Chakt vnic “Theoretical” and Actual Phosphorus Balances in 

Case vm 

to have had very httle effect on the calaum and phosphorus metabo- 
hsms (penods 13-17) 

In chart VTTTd the effect of parathormone therapy upon the total 
base balance is recorded The expenment checks very well in that the 
total base ingested dunng the entire expenment is almost identical 
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With the total base excreted. With parathormone one notes a nse in 
the imnary excretion of total base, espeaally periods 3, 4, 8, 9, 10 
In the first period following cessation of parathormone injections 



Na t 4 


Chart VlUd Totaj. Base Metabousu in Case v ttt 
All I'slues for base are in cubic centimeter of n/10 This chart also shoira the 
urmnry output on a scale chosen such that 1000 cc of uilne is eqmvalent to 1500 
cc of N/10 base (cf 1000 cc of bod> fluid Is equivalent to about 1600 cc n/10 
base) 

there was an extreme drop m the total base excretion which suggests 
that in this penod there was a compensatory retention of total base 
But before we can say that this represents an independent action of 
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parathormone on total base excretion, certain calculations are neces- 
sary It seems fair to assume that the theoretical negative total base 
balance should equal the total base value of the calaum hberated from 
the bones plus the total base in the water held by destroyed muscle 



Chabt Vllle “Theoketicax” and Actual Total Base Balance in 

Case VEH 

(10) TheoTetically, any excess excretion of total base beyond this 
would be at the expense of the total base m the body fluids We have 
calculated such a theoretical total base balance and in chart Vllle 
this is plotted against the actual total base balance Here, again, as 
in the correspondmg phosphorus charts, it must be pomted out that 
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Qrm Vnif Acn) Base Values of Anions and Cations in Urine in 
Case YIU . 

Aad-basc prop«rU« of diet are represented at left- The chlorine and sulphur 
of the diet have been estimated from tables and so are onlv approximate The 
total base, calaum and phosphorus of the diet were actuaU\ dctcrmuied 
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any small percentage error in determining the total base intake makes 
a large error m the actual base balance, so that the curve representing 
this may be incorrect by a umform amount in all penods In calcu- 
lating the amount of muscle water hberated or stored from the mtro- 
gen balance the following formula has been used 

N X 29 5 X 0 76 = muscle water (10) 

The first factor provides an estimate of the protoplasm destroyed and 
the second indicates the correspondmg water content The total 
base content of muscle water has been taken to be 180 cc n/10 per 
100 cc ( 10 ) 

On exanunation of chart Vllle, one notes that the curve of the 
actual total base balance tends to be below the curve of the theoreti- 
cal total base balance (448 cc n/10 by actual detenmnation) due prob- 
ably to an error in determining the total base intake When charts 
Vind and VTIIc are compared, it wiU be noted that the deviations 
of the actual from the theoretical excretions coincide fairly well This 
leads one to beheve that when phosphorus is excreted from the body 
flmds as a result of parathormone, there is also an excretion of total 
base held in the body fluids 

Fmally chart VlHf has been made Here the cations of the unne 
have been balanced against the amons m order to see whether any 
other amon or cation is affected by parathormone The pnnCiples 
employed m balancmg the electrolytes of the unne are those used by 
Gamble (10) (11), (12), except that the columns representing the 
cations and those representing the amons are both shorter by the CO 2 
value of the unne than the correspondmg ones of this author The 
organic aad value is taken as the difference in the heights of the col- 
umns thus estabhshed In penods 13 and 14 the values for the ‘'ti- 
tratable aadity minus CO 3 ” are negative due to the alkahne urine 
which resulted from sodium bicarbonate ingestion (12) The values 
for the mtakes are shown on the left of chart Villi Calcium, total 
base, and phosphorus were actually determined m the intake Sul- 
phur and chlonne were estimated from tables The chlonne value 
in the mtake is obviously too low, but this is not surpnsing as the 
chlonne content of foods vanes considerably 

The deductions to be drawn from chart VITIf are mostly negative 



F AMEIGHT, ^ BATTER, U. ROPES AffD J C AtIB 175 

ones The sulphur excretion nses in penods 4, 5, 6, and 7, but so 
does the negative nitrogen balance. The chlorine vanes considerably 
and tends to follow the total base This is especially obvious in the 
fluctuation in penods 9, 10, 11, and 12 Greenwald (13) found a 
decreased excretion of chlonde in the first two days following para- 
thyroidectomy m dogs The unnary ammoma rose shghtly and the 
titratable acidity fell shghtly when parathormone was admmistered. 
The orgamc aad values, which of course contam all the errors of the 
experiment, show no constant changes 
The chief observation made m this case is a negative one, namely 
that 

(xxxvi) The pnnciple action of parathormone is confined to the 
calaum and phosphorus metabolisms 
Other observations have not been fully proven but nevertheless are 
suggested These are 

(ixxvii) Durmg parathormone administration, total base, ivater 
and chlonne tend to be excreted from the body fluids coinadentally 
with the excretion of phosphorus from the body fluids and tend to be 
retained m the body flmds durmg the penods of phosphorus retention 
(xxxviii) The sulphur, ammoma and titratable aadity of the unne 
are little affected by parathormone 

DISCUSSION 

These observations show quite clearly the metabohc effects of para- 
thormone on the organism. It is an active preparation which has an 
unequal effect in different mdividuals In several of our cases, re- 
ported here and in other papers, these effects soon wore off, and there 
after even large doses had apparently no obvious results This is 
an important factor in its prolonged use for medication The most 
obvious effect of parathormone, as previously reported by others, 
IS in raising the blood calcium level and thereby increasing the unnary 
calaum excretion At first it does this very effectively, but, while it 
IS the only known method for raising appreaably the blood calcium. 
Its effect on the calcium excretion is not as great as that found m thyro- 
toxicosis (14) It is unfortunate that the effect of parathormone on 
both calaum and phosphorus metabolism is graduall> lost This 



176 


CALCIUM AND PHOSPHORUS METABOLISM IV 


inimumty to the drug has been found to remain at least a year in a 
normal mdividual and m a patient with tetany 
There is evidence among these data that the primary effect of 
parathormone is on phosphorus excretion rather than on calaum 
Thus, when parathormone is admimstered, the first metahohc changes 
are a nse m phosphorus excretion and a fall in serum phosphorus, when 
parathormone is discontmued, the converse is true At both times 
the changes m the rate of calcium excretion and m the height of the 
serum calcium level are more sluggish and lag behmd about one penod 
(3 days) (observation (v)) These time relationships are brought out 
by a study of the “theoretical” and “actual” phosphorus excretions 
(cf C-charts) The actual phosphorus excretion is in excess of the 
calculated at the beginiung of parathormone admimstration, and below, 
foUowmg cessation of parathormone This implies that the extra 
phosphorus is drawn from the body flmds It is also mteresting that 
m cases 11 and III the weanng out of the parathormone effect was 
manifested first m the phosphorus metabohsm In the second ad- 
mission of case m (penod 21), although parathormone produced no 
effect on the calaum metabohsm, there was a defimte but poorly 
sustamed effect on the serum phosphorus and on the phosphorus 
excretion This strongly supports the hypothesis that the pnmary 
effect of parathormone is on phosphorus 
The above discussion refers only to the pnmary effect of parathor- 
mone on phosphorus metabohsm It was emphasized first by Colhp 
that when a certain cntical level of serum calaum has been reached 
following parathormone injection, the blood phosphorus nses abruptly. 
This IS probably due to an alteration m kidney function resultmg from 
the high serum calcium, for the non-protein mtrogen m the blood also 
nses Thus a late effect of parathormone on phosphorus metabohsm 
is brought about, which is exactly opposite to the pnmary effect 

There is evidence that the relatively greater excretion of phosphorus 
over calaum foUowmg admimstration of parathormone cannot be 
attnbuted to its more ready excretion through the kidney The 
situation IS not hke the sulphur from protan metabohsm which is ex- 
creted more rapidly than the mtrogen, for in case VI, when a large 
amount of Ca 3 (PO <)2 was withdrawn from the bones by ammomum 
chlonde, there was no lag in the excretion of the calaum behind that 
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of the phosphorus Furthermore, when thyroid was given to normal 
controls (14), the mcreased excretion of calcium and phosphorus ran 
fairly parallel 

There are several other observations which lend support to the pos 
sibihty that the pnmary action of parathormone is on phosphorus 
Greenwald (13), who has always emphasized the phosphorus changes, 
has shown that there is a marked retention of phosphorus m the first 
two days after parathyroidectomy The well known deletenous ac- 
tion of a meat diet on parathyroid tetany (15) (16) may be due to its 
high phosphorus content (17) Qillip (18) showed that following 
parathyroidectomy in the rabbit the serum phosphorus tended to 
nse very high without there bemg much change m the serum calaum, 
and that parathormone, if administered directly foUowmg operation, 
would prevent this nse In conclusion he stated that, “these obser- 
vations tend to emphasize the importance of phosphorus in relation to 
the pathogenesis of tetany " Bmger (19) decreased the serum calnum 
levels m dogs by mtravenous injection of phosphates and produced 
tetany Salvcsen, Hastings and McIntosh (20) likewise produced 
tetany m dogs by feedmg huge amounts of phosphates This expen- 
ment is the exact antithesis to the report of Palmer and Eckles (21) 
wherem hypercalcemia, hypophosphatemia and osteomalacia in cows 
resulted from low phosphorus diets These last two experiments are 
closely analogous to the situation m hypoparathyroidism and hy- 
perparathvroidism respectively In the first instance, instead of a 
decreased phosphorus output, there is an mcreased phosphorus in- 
take, and in the second, instead of an increased pho^horus output 
there is a decreased phosphorus intake The end results are siimlar 
Therefore, the fact that conditions similar to hypoparathyroidism and 
hyperparathyroidism can be brought about by influencmg, through 
diets, the phosphorus balance, is strong evidence that it is primarily 
through changes m phosphorus metabolism that the states of hypo- 
and hyper-parathyroidism ate reached 

The observation m case VIH (observation (xxxvu)) , that there is a 
tendency to an excretion of base, water, and chlonde from the body 
flmds along with the loss of phosphorus and calaum, is supported by 
the recent use of parathormone as a diuretic m nephrosis Its re- 
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ported good effects (22) (23) (24) in this disease may be due to an 
influence on the excretion of base from the tissue flmds 

It IS obvious that one effect of parathormone on the calcium-phos- 
phorus metabohsm is entirely different from that of acid formers hke 
ammomum chlonde or that of the thyroid hormone Parathormone 
defimtely elevates the blood level of calaum, while the others, which 
may increase the calcium excretion more than parathormone, do not 
significantly raise the blood calcium level, unless it is low as m tetany 

( 5 ) 


CONCLUSIONS 

The followmg may be stated as the main conclusions to be denved 
from this study of the effect of parathormone on patients maintained 
on a constant diet contaimng an inadequate amount of calcium 

1 Parathormone admimstration gradually mcreases the urmary 
calcium excretion without affectmg the fecal excretion Following 
cessation of parathormone admmistration, the urmary calcium ex- 
cretion gradually falls to a level below that found before the 
adnupistration 

2 The effect on calcium excretion of parathormone and ammo- 
nium chlonde adrmnistered simultaneously is probably more than the 
sum of their individual effects 

3 The calcium level m the blood is markedly but gradually ele- 
vated by parathormone injections The extent of this elevation vanes 
m different mdividuals, and is more marked when the patient is on a 
high calcium diet 

4 Parathormone adrmmstration abruptly mcreases the unnary 
phosphorus excretion without affecting the fecal excretion Followmg 
cessation of parathormone administration, the unnary phosphorus 
excretion rapidly falls to a level below that found before the adtmms- 
tration These changes are more rapid than those produced in the 
calaum metabohsm, and greater than can be explained by a theoreti- 
cal calculation of the phosphorus liberated with calcium and nitrogen 

5 The phosphorus level in the blood is pnmanly lowered by para- 
thormone If, however, the serum calcium nses above a cntical 
level of about 14 to 15 mgm , then the unnary phosphorus excretion 
falls and the blood phosphorus nses 
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6 These observations on the efiect of parathormone suggest that 
an increased phosphorus excretion is the pnmary effect The ex- 
creted phosphorus is partly derived from the body fluids 

7 The effect of parathormone m some cases gradually wears off 
and the first evidence of this is found in a decreased phosphorus 
ehmmation That this lack of response to parathormone is not due 
to an exhaustion of calcium reserves, is shown by the fact that am- 
momum chlonde mgesbon can still produce an increased elimmation 
in such cases 

8 Nitrogen excretion is not affected by parathormone 

9 Parathormone has not helped to decalcify two ossifymg hem- 
atomas 

10 The effect of parathormone on other electrolytes is discussed, 
but no conclusions are formulated 
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STUDIES ON THE PHYSIOLOGY OF THE PARATHYROID 
GLANDS 


I Calcium: and Phosphorus Studies on a Case of Idiopathic 
Hypopasathyroidisu 
By fuller ALBRIGHT amb READ ELLSWORTH 
(From tha Medical Clime of the Johns Hophns Hospital, Baltimore) 

(Received for publication December 12, 1928) 

INTRODUCTION 

In order to determine, if possible, the exact tram of events which 
lead to a rise m the serum calaum followmg the injection of a potent 
parathyroid extract, we undertook the present s^es of mvestigations 
The subject of this study was an Italian boy on whom the diagnosis 
of idiopathic hypoparathyroidism was made The entens on which 
such a diagnosis can be based will be discussed below 
The injection of a potent parathyroid extract results m four well 
estabhshed changes and any theory as to the acbon of a parathyroid 
extract will have to take cognizance of these four cardmal pomts 
They are 

o Rise m serum calaum (1) 
b Rise m unnary calaum excretion (2) (3) (4) 
c Fall m serum phosphorus (5) 
d Rise m unnary phosphorus excretion (2) (3) 

Removal of the parathyroid glands results m the converse changes, 

le, 

a Fall m the serum calaum 
b Fall m the unnary calaum excretion 
c Rise m the serum phosphorus 
d Fall in unnary phosphorus excretion 

In addition Albnght, Bauer, Ropes, and Aub (3) emphasize the fact 
that on admmistration of parathormone, the increase m unnary phos 
phorus excretion tends to precede the increase m calcium excretion 
They further point out that the mcreased phosphorus appeanng m 
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the urine must come partly from phosphorus dissolved m body fluids 
and not entirely from the calaum phosphate of the bones Inasmuch 
as the calaum and phosphorus changes are probably not simultaneous, 
It was apparent that, by reducmg the metabohsm periods to aght 
hours mstead of three days, as m the mvestigations above (3), we 
could follow this sequence of events more accurately (cf experiment 1 
below) Later we had occasion to reduce the penod to 1 hour (cf 
experiment 2) These shorter penods made it necessary for us to dis- 
regard the fecal excretions This, however, is justifiable, as it has been 
shown that, foUowmg the mjection of parathormone, there is a con- 
spicuous alteration m the urmary excretion of calcium and phosphorus, 
but not in the fecal excretion of these elements (3) 

REPORT OF CASE 

We were fortunate in having the opportunity of studying the effect of para- 
thormone on a patient suffenng from idiopathic hypoparathyroidism The clini- 
cal aspects of a case with this rather unique diagnosis are of mterest 

The patient, a school-boy of 14 of Itahan descent, first entered the Medical 
Service of the Johns Hopkins Hospital on January 17, 1927 for rehef of tetany 
a H H No 9974). 

The family history was non-contnbutory 

The past history was uneventful except that he had had measles and chicken 
pox at 5 years of age 

In 1918, at the age of 5, while under treatment for measles m the Harriet Lane 
Children’s Climc, it was noted that the patient had markedly hypertrophied ton- 
sils Tonsillectomy was performed in 1921 Shortly thereafter he began to be 
troubled at mght with attacks of laryngismus In August, 1922 he had his 
first attack of carpo-pedal spasm, preapitated b> a gastro-mtestmal upset A 
second attack m January, 1923 was preceded by an upper respiratory infection 
Examin ation at that tune at the Hamet Lane Children’s Cluuc showed carpo- 
pedal spasm, a bilateral Chvostek sign, and an injected phamyx The cathodal 
opening contraction was 1 0 miUiampere The serum calcium was 4 9 mgm 
per 100 cc and the serum phosphorus 10 4 mgm The blood sodium chlonde was 
560 mgm per 100 cc 

Amm onium chlonde gave him sjmptomatic relief However, the general 
course of the disease was dow nhill so that at the tune of his first admission to the 
Medical Service he was havmg each day about fifteen attacks of carpopedal spasm 
The mdividual attack was as a rule preapitated by some unusual exertion such as 
crossmg the street or ste alin g a base m a ball-game Momentary loss of consaous- 
ness was frequently assoaated with the attacks 

Physical ex amin ation showed a normally developed Italian boy of healthy 



FULLER ALBRIGHT AND READ ELLSWORTH 


185 


appearance The teeth were in poor repair Both epitrochlear glands were 
palpable Chvostek-’s and Trousseau’s signs were positive 

Other examinations showed a red blood cell count of 5,000,000, hemoglobin of 
90 per cent (Sahli), white blood cell coimt 6600 with a normal differential count, 
a negative Wasscnnann reaction, a basal metabolism of minus six, and an en 
tircly normal unne The plasma calcium was 8 0 mgm per 100 cc and the phos- 
phorus 10 9 mgm per 100 cc. The whole blood chlorides were 470 mgm. per 
100 cc. and the CO4 combmmg power 52 4 volumes per cent 
Following the administration of pamthonnonc^ there was complete relief The 
serum calaum was raised to 16 2 mgm. and the serum phosphorus was lowered to 
4 7 mgm Symptoms returned, however, in one week after discontinuing 
parathormone 

The present the fourth admission to the Medical Service ^vas on March 21, 
1928 for relief for tctanv This time his symptoms had again, os frequently be 
fore, been Aggravated by a pharyngitis Examination this time showed in 
addition to the signs of tetonj , a spleen which was just palpable Ophthal 
tnoscopic examination revealed a postenor, subcapsular, lenticular opaaty and 
several penpheral, radially distnbuted, lenticular opaataes in the right eye In 
the left eye a few lenticular opaaties were noted The serum phosphorus was 
10 8 mgm per 100 cc and the serum calaum 5 J mgm per 100 cc, \ ravs of the 
bones revealed nothing abnormal 

The features of this case which make it possible to group it with those of hypo 
parathyoid tetany are » 

a Low serum calaum 

b High serum phosphorus (in direct contradistinction to the infantile t\T>c of 
tetany where the scrum pho^horus is low or normal or only slightly elevated) 
c Cataracts which so commonly occur In postoperative hvpoparathyroidisrtu 
d Normal density of bones as showm b> \ ray (in contradistinction to instances 
of tetany assoaated with nekets and osteompIaQa) 

e Aggravation of tetany by exertion We have found this to be charactenstic 
in several cases of tetany of parathyroid origm 

Thus we believe that, just as mjTccdema is, os a rule, an idiopathic hypothyroid 
ism, so this case represents an idiopathic hypoparathyroidism 

A report of a similar case is soon to be published from the Massachusetts General 
Hospital (6) ITiis, together with our case, presents exactly converse findings to 
those of another patient studied at the hlossacbuseUs General Hospital, in whom a 
diagnosis of idiopathic /tj^aparathyroidism was made (7) 

ENPERIMENX I 

Experimental This investigation lasted twenty seven days An 
effort was made to have all factors as constant as possible Conse- 

* Freparabon of parathyroid extract mtroduced by Collip (1) and supplied bv 
the Eh Lill> Compan\ 
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• Serums for calcitim and J>bosphonis determinations were taken at the beginnings of the periods m which they are tabulated, 
t Prepared by Eli LiHy Company following CoUip » specification 

t Actual diets are Appended Diet A was used in periods (1-42), diet B va periods (43-75) , diet C in periods (79-Sl) 
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quently the patient was kept m bed and in doors Each day was 
divided into three eight-hour metabohsm periods The periods be- 
gan at 8 a m , 4 p m , and 12 midnight The patient was given the 
same meal three times a day at the beginmng of each penod Water 
was likewise admimstered m equal amounts and at the same relative 
time m each period The unne was collected for each period and ana- 
lyzed for calaum* and for phosphorus (9) Vena punctures when 
done were performed at the beginmng of the periods Fifty umts of 
parathormone were admimstered at the beginnmg of periods 16, 19, 
22 and 25 (cf chart 1) The diet was altered at period 43 and several 
times thereafter as can be noted from table 1 The data for this ex- 
periment are given m table 1 and chart 1 

Results One notes m control periods 1 to 15 before the admimstra- 
tion of parathormone a constantly high serum phosphorus, a corre- 
spondmgly low serum calaum, and extremely low calcium excretion 
m the unne, and a phosphorus excretion in the urme comparable with 
that observed m normal persons on a similar phosphorus mtake This 
normal urmary phosphorus excretion is not at vanance with the four 
cardinal pomts mentioned above or with the lowered phosphorus ex- 
cretion following parathyroidectomy, demonstrated by Greenwald 
(10) In our case the patient was m equilibnum at a constant level 
of hypoparathyroidism and was not shiftmg from a normal to a 
hypoparathyroid state, as m the post-operative cases On adnums- 
tration of parathormone the urmary phosphorus excretion rose to its 
maximum, even exceedmg the mtake, m the first period (period 16), 
mamtamed this high level throughout the penod of parathormone 
admimstration, and then fell abruptly foUowmg cessation of parathor- 
mone admmistration The serum phosphorus fell comcidently with 
the mcreased phosphorus excretion and rose agam when the phos- 
phorus excretion fell off The serum calcium rose as the serum phos- 
phorus fell and vice versa with almost no tendency for one to lag 
behmd the other The calcium excretion failed to nse durmg the 
five penods followmg parathormone admimstration but then rose very 
abruptly 

The calcium excretion fell off following cessation of parathormone 


* Fiske method descnbed by BlacLfan and Hamilton (8) 




Chart 1 GRAPinc Representation of Data in Experiment 1 
The scale for the scrum phosphorus is twice that lor the aorum caldum This 
Is so chosen because the normal value for serum calaum is about twice that for 
serum phosphorus, and because, consetjucntly, a change of 2 mgm of calaum 
represents the same percentage deviation from normal as a change oi one mgm 
of phosphorus For convenience in charting, the scale for the unnarv calaum 
excretion is five times that for the urinary phosphorus excretion Smee the ratio 
oi caldum to phosphorus in bone is 2J23 a calaum scale one half that of the phos- 
phorus would have been more bgical, although not practical 


parathormone administration the phosphorus excretion fell below the 
preparathormone level of excrebon (cf periods 29 to 35) This is 
analogous to the decreased phosphorus excretion followmg parathy- 
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roidectomy (10) It may be significant that of these four vanables, 
the phosphorus excretion alone seemed to depend quantitatively on 
the amoimt of parathormone given The others seemed to depend on 
how long the parathormone was given and perhaps on how long this 
high level of phosphorus excretion was mamtamed 

In periods 43 to 63 the phosphorus intake was decreased to a mini- 
mum in order to determme whether the serum phosphorus could thus 
be diminished The result was a decreased phosphorus excretion 
with practically no change m the serum phosphorus or in the serum 
calaum Likewise m penods 64 to 75, when the phosphorus mtake 
was greatly increased by the addition of pnmary sodium phosphate 
to the diet, the urmary phosphorus excretion was greatly elevated 
while there was only a slight tendency for the serum phosphorus to 
nse and for the serum calaum to faU Penods 76 to 81 wdl not be 
discussed as the changes in the diet were too radical 
Comment The observations of experiment I suggest certain con- 
clusions, the mterpretation of which may be as follows 

1 A state of hypoparathyroidism is associated with a fairly normal 
unnary phosphorus excretion, a very high serum phosphorus, a low- 
serum calcium, and a very low unnary calaum excretion 

2 A dmini stration of parathormone to an individual m a state of 
hypoparathyroidism modifies all four of these factors, viz 

a The unnary phosphorus excretion immediately nses to its maxi- 
mum (at least within eight hours) 

b Comcidently the serum phosphorus falls 
c The serum calcium nses 

The urmary calaum exaction at first dimmishes, and then when 
the serum calcium is about 8 5, suddenly increases 

3 Cessation of admmistration of parathormone to an mdmdual 
who had been brought from a hypoparathyroid state to the normal, 
further modifies these factors, as follows 

a The phosphorus excretion at once falls even below the prepara- 
thormone level 

b The serum phosphorus rises 
c The serum calcium falls 

d The calaum exaction falls, but less preapitously than the 
phosphorus exaction 



rUI-LER ALBRIGHT AND READ ELLSWORTH 


193 


4 Whereas the unnaiy calaum excretion ordinarily vanes with the 
height of the scrum calaum (3), there seems to be a threshold-level at 
about 8 5 mgm of calaum per 100 cc , below which, the calaum ex- 
action m the unne becomes more or less constant and is independent 


of the serum calaum value 

TABLE 1 
Experiment II 
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• Blood for Ca and P taken at beginruag of penod tabulated 


5 The high scrum phosphorus, present in hypoparathyroidism, 
does not appear to be altered matenally in a week’s tune either by a 
verj low phosphorus intake or by a very high one 

EXPERIMENT H 

The impression has been prevalent that parathormone is a drug 
that acts slowl> Collip (1) pomts out that when parathormone is in- 
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jected into dogs the peak of the serum calaum curve is reached in 
twelve to twenty-four hours In experiment I, we have shown that 
the naaxunum effect on urinary phosphorus excretion was reached 



^ ^ 769 iO 11 12 1234567 

^ 75 Units Parathormone Time 


Chart 2 Graphic Representation of Caxcittm and Phosphorus 
Data in Expekement 2 

The scale for the serum phosphorus is twice that for the serum calaum The 
scale for the phosphorus excretion in the urine is one-half that of the calaum 
excretion 

somewhere durmg the first eight hours The second expenment was 
planned to determine whether this increased phosphorus excretion 
might occur even earher than eight hours 
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Experimental Following a penod of 16 days on a low phosphorus 
diet (0 345 gram per day) , the patient fasted and remamed in bed for 
the day of the experiment He received 250 cc of water at 7 a m 
and the same amount every hour thereafter until 6pm when the m- 
vestigation ceased The unne was collected every hour and analyzed 
for calaum, phosphorus and chlonne At 11 am 75 umts of para- 
thormone were adrmnistered The results can be seen m table 2 and 
chart 2 

Reenlls It will be noted that the excretion of urmary phosphorus 
mcreased about 500 per cent m the first hour after parathormone ad- 
mmistration and reached its peak by the second hour In this ex- 
periment the serum phosphorus seems to have fallen more qmckly 
than the serum calciuip rose Both of these values had altered within 
three hours of the injection The calaum excretion was shghtly 
decreased followmg the mjection (cf expenment I) The mcreased 
excretion of water and sodium chlonde m the first hour after mjec- 
tion are mterestmg but wiU not be discussed here 
Comment 6 The action of parathormone on the excretion of un- 
nary phosphorus is maximal withm the first hour after mjection It 
follows from this that future studies must concentrate on the changes 
occurrmg m the first hour after injection if one is to learn the funda- 
mental mechamsm, — not the remote end results 

EXPERIMENT IH 

In the latter part of expenment I it was noted that changes in the 
amount of phosphorus m the diet had httle effect on the serum phos- 
phorus It was desired to extend this mvestigation over longer 
penods of time because of its important theoretical significance 
Experimental This expenment started immediately after expen- 
ment I and lasted forty days The tune was divided into 10 four day 
metabohsm penods Dunng the first six penods the patient was on 
a high phosphorus diet (1 756 gram per day) and dunng the remaimng 
four on a low phosphorus diet (0 345 gram per day) Except for the 
change from the high to the low phosphorus diet, the patient received 
the same food each day He likewise received the same amount of 
water each day He was not kept in bed The urme for each penod 
was exammed for calcium, phosphorus and mtrogcn, and the feces 
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• Actual (Bets appended Diet D used In penoda 1-6 diet E m penods 7-10 Ca and P values obtained by analysis of diets 
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for calcium and phosphorus ® Furthermore, after penod 1, because 
of certam marked discrepancies which were at once noted, the day 
unne (7 am to 7 p m ) was collected and analyzed separately from 
the mght unne The results are shown in table 3 and chart 3 

RestiUs Before drawing any conclusions regarding the phosphorus 
balance, we might have made allowance for the phosphorus deposited 
with the protein m muscle and with the calcium m bones (11) How- 
ever, exammation of the calcium and nitrogen balances shows that 
these factors are smaller than the probable errors of the investigation 
Also, It IS true that too much rehance cannot be placed upon balance 
columns where very high mtakes are involved, because a small per- 
centage error m the intake would make a considerable error m the 
balance Even so, although the serum phosphorus did nse consider- 
ably, it IS qmte apparent from the phosphorus balances (table 3) 
that, durmg the first six periods, while on a high phosphorus mtake, 
the patient’s kidneys had little difficulty m excreting phosphorus 
Furthermore, when the phosphorus mtake was suddenly lowered the 
excretion of urmary phosphorus fell immediately rather than slowly, 
as it would, had there been any previous difficulty m excretmg 
phosphorus 

The marked polyuna at mght (table 3) was very strikmg, espeaaUy 
during the first six penods It is also of interest that there was a 
relative mcrease in the unnary ex;cretion of calaum, phosphorus, and 
nitrogen at night proportional to the increased excretion of water 
Like the polyuna noted m experiment 11 m the first hour following 
parathormone injection, these will have to remain as isolated observa- 
tions for the time bemg They lead one to suspect some abnormality 
in the water balance 

Comment 7 At any given level of hypoparathyroidism there was 
no marked difficulty m excreting phosphorus nor could the blood 
chemistry be markedly altered by high and low phosphorus diets 

DISCUSSION 

The serum calcium and serum phosphorus curves m experiment I 
certainly suggest that one ion nses because the other falls or vice 

® We are much mdebted to Dr Joseph C Aub and his assoaates at the Massa- 
chusetts General Hospital for havmg the feces analyzed for us 
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versa One cannot escape the idea that this relationship is dependent 
on the abihty of the serum to hold calaum phosphate, and that, in 
the presence of normal bones, the blood calaum contains aU the cal- 
aum and phosphorus ions which its physical state will permit It 
also seems almost certam that the mcreased phosphorus excretion, 
the mcreased calaum excretion, the decreased serum phosphorus, and 
the mcreased serum calaum followmg parathormone adrmmstration 
are four mterrelated facts 

Our work, together with that of Albnght, Bauer, Ropes, and Aub 
(3) suggests the followmg tentative hypothesis as to the modus 
operandi 

When parathormone is admmistered, the eqiuhbna of the body 
flmds are upset m such a way that an mcreased phosphorus excretion 
IS a necessary result We do not know the cause of the mcreased 
phosphorus exaetion, but as a result of this mcreased phosphorus 
excretion the body fluids become depleted m phosphorus The fall- 
ing serum phosphorus is evidence of this As the phosphorus and 
consequently the phosphate ions m the serum fall, there is a tendency 
to an unsaturation of the blood with calaum phosphate This tend- 
ency IS met by a mobilization of calcium phosphate from the bones 
Thus a deficit m phosphate ions is bemg supplied by calaum and 
phosphate ions. Consequently the serum calaum nses With a 
nse m the serum calaum, provided the level is not below the threshold 
for calaum excretion, there is a nse in urmary calaum output 

The sequence of events which takes place after parathormone 
adrmmstration (chart 1) strongly supports such an hypothesis, except 
that we have been unable to show consistently that the fall m serum 
phosphorus precedes, by any detectable interval, the nse m serum 
calaum 

It may be that the calaum phosphorus eqmlibnum is so finely ad- 
justed that we have not been able to detect the small initial change, or 
possibly we have not >et studied short enough penods 

On the basis of our hypothesis, the question immediately anses as 
to what causes the mcreased phosphorus exaction after parathor- 
mone injection It seemed at first that there might be a speafic 
impairment of renal function in hypoparathyroidism whereby phos- 
phorus exaetion was inhibited However, m experiment III, the 



200 


IDIOPATHIC hypoparathyroidism: 


high phosphorus excretion during a high phosphorus diet and the 
immediate fall to a low phosphorus excretion when the diet was 
changed to one low m phosphorus would seem to disprove this All 
that we can say, therefore, is that some change in the blood eqmlibna 
occurs as the result of parathormone administration which makes 
necessary this increased phosphorus excretion 

SUMMARY AND CONCLUSIONS 

1 The clmical aspects of a case of idiopathic hypoparathyroidism 
are reported 

2 The cnterja on which the diagnosis of idiopathic hypoparathy- 
roidism is made are 

a Low serum calaum 

b High serum phosphorus 

c Cataract 

d Normal density of bones by x-ray 

e Aggravation of tetany by exertion 

3 Following the injection of an active parathyroid extract, an m- 
crease m phosphorus excretion was immediately detectable and 
reached its maximum withm the first two hours The mechamsm of 
this IS not apparent from our data 

4 Evidence is educed from study of the metabolism of the patient 
to show that the mcrease m serum calcium, the mcrease m calcium 
excretion, and the decrease m serum phosphorus foUowmg parathor- 
mone admmistration may all be the sequelae of this mcrease m phos- 
phorus excretion 

5 An hypothesis is suggested to explain these interrelationships 

6 By using high and low phosphorus diets, it seems that there 
IS no inability to excrete phosphorus in hypoparathyroidism and it 
follows, therefore, that the increased excretion of phosphorus follow- 
ing injection of parathormone is not due to an mcrease in the excre- 
tory abihty of the kidney for this element 

7 As the serum ca-cium rose from S 2 to 11 2 mgm per 100 cc 
following the injection of parathormone there was a cntical serum 
calcium value of about 8 5, at which point an almost neghgible unnary 
calaum excretion suddenly changed to a very appreaable one When 
the serum calcium was above 8 5 the urinary calaum increased as the 
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serum calaum rose then decreased abruptly as soon as the serum cal- 
niim fell belo-w 8 5 mgm per 100 cc This suggests that there is a 
threshold for urmary calaum excretion and that this threshold is be- 
lo^ the normal value for serum calaum 

We wish to express our gratitude to Miss M Struve for her assist- 
ance in arrangmg diets and supenntendmg the collectionofspecimens, 
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The carbon monoxjde method for detenmnation of blood volume 
has been used with success m experiments on adults, but has to our 
knowledge not been previously apphed to infants Miller (1) m 1910 
employed the procedure as refined bv Zuntz and Plesch (2) m studying 
a group of thirty chddren ranging from 6 to 16 years of age, but no 
reports of studies in younger mdividuals are available 
The pnnaple of this method was first advocated by Gr6hant and 
Qumquaud (3), and was first apphed to the study of blood volume m 
man by Haldane and Lorram Srmth (4) Improvements m the form 
of apphcation have been contnbuted by a number of workers (5), 
particularly by Salvesen (6) and by Harrop and bis assoaates (7) 
An accurately measured quantity of carbon monoxide gas is dehvered 
mto a breathmg apparatus, from which it is absorbed rapidly from 
the respued air The tune required for maximal absorption, and the 
conditions under which absorption is accelerated, have been carefully 
determined by Harrop After a suitable interval has elapsed for the 
establishment of equihbnum between the gas in the arculating blood 
and the respired air, and for complete mixing of the blood, a sample 
of the latter is withdrawn from a vem and analyzed for carbon mon- 
oxide content by an adaptation of the method of Van Slyke and 
Robscheit Robbins (8) When the proper corrections have been 
apphed, the calculation of the circulating blood is then simplified 
to the following equation 


Qrculating blood \*olume 


QuanUt> of gas absorbed X 100 
Pcrcentnge of gas In the bbod 
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TECHNIQUE 

Pure carbon monoxide is generated from a mixture of formic acid 
and sulfunc aad with the apphcation of heat, is washed m a trap con- 
taining potassium hydroxide solution to remove traces of free acid, 
and stored in bottles over a mixture of equal parts of glycenne and 
saturated solution of sodium chloride, a mixture chosen by Hanngton 
and Van Slyke (9) for its low vapor tension and low gas solubihty 
Samples of the stock of gas are analyzed in the Hanngton-Van Slyke 



Fig 1 DiAGRAii of Apparatus for Administration of a Measured Amount 

OF Carbon Monoxide 


manometnc apparatus to determine the punty factor, the results 
of parallel determmations agreeing usually within 0 2 per cent 
In chnical tests the gas is measured from a specially constructed 
buret, fitted with a three-way capillary stopcock (cock ^ m fig 1) 
at the top, and provided with a water jacket, thermometer, and 
levelhng bulb filled with glycerol-salt rmxture, adapted for dehver- 
ing any quantity of gas up to about 27 cc with an error of measure- 
ment of probabl}'- less than 0 05 cc 
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The breathing apparatus consists of a face-mask, a soda-hme jar, 
and a rubber balloon, connected by rubber tubmg The face-mask 
IS made of a half-ovoid of transparent celluloid fitted with a rubber 
pneumatic cushion about the run and a tight fitting one hole rubber 
stopper piercmg the apex of the dome The mask is connected to the 
soda hme jar by a piece of rubber tubmg of 17 mm bore The soda- 
hme jar IS made from a pint mason jar and two test tubes, fixed m 
place ivith plaster of pans and sealed with sealing wax. To facilitate 
changing the soda hme the jar has been broken along a arcle about 
2 cm from the bottom, so that it may be taken apart, and sealed up 
with soap and adhesive tape, reinforced with two strong wide rubber 
bands cut from an mner tube. No 4 mesh soda-lime is used, held m 
place by two arcular pieces of fine wire gauze, one at the bottom and 
one at the top of the jar, and is changed after every one or two de 
termmations Durmg tests on patients the soda hme jar is i mm ersed 
m a jacket contaimng ice water to lower the water vapor tension 
of the rebreathed air and dimmish the discomfort of breathmg warm 
air, and to control leakage, A piece of rubber tubmg of 17 mm bore 
connects the soda-hme jar with a large-bore glass Y-tube, to one shank 
of which IS attached a football bladder, and to the other, suitable 
rubber and glass tubmg leading to a one-way stop-cock (cock B) 
All connections are wired or sealed with sealmg-wax 
In testmg for leaks, the buret was connected to the breathing appa- 
ratus by a piece of small bore rubber tubmg joimng cocks A and B, 
and the face-mask was tied firmly agamst a greased porcelam plate 
so that the pneumatic cushion was m apposition throughout its cir- 
cumference A positive pressure of about 30 cm of glycerol-salt solu 
tion was then exerted on the air m the gas buret, and with the levelhng 
bull) clamped m this position the loss of gas pressure was noted 
MTien the leakage amounted to a pressure change of less than 0 IS mm 
of glycerol salt per mmute, the apparatus was considered suitable 
for use m chmcal tests During actual use, leakage through the 
division m the soda hme jar is prevented by imm ersing it m water to a 
depth of about 10 cm , since the balloon is never allowed to become 
sufiBaently distended, durmg a test, to put the rubber on the stretch, 
it IS not possible for the air contained in the breathing system to over- 
come the cnbcal pressure exerted by this protective water-jacket 
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Of course, it has not been possible to make control tests of leakage 
around the edges of the mask when apphed to a patient, but this 
source of error is minimized as far as possible by the hberal apphcation 
of petrolatum to the pneumatic cushion, by the constant apphcation 
of firm manual pressure to the mask, and by careful attention to this 
part of the apparatus throughout the breathing penod In prelimi- 
nary tests with the mask, which are always made with each patient 
before carbon monoxide is let into the system, different positions of the 
mask are tried out until a good apposition is obtamed, which can then 
be held until the end of the experiment 
Before a determmation, the gas buret is filled to a convenient level 
with carbon monoxide and the leveUmg bulb is clamped m a position 
causing the contents of the buret to be at a pressure less than atmos- 
pheric, at least fifteen mmutes are allowed for drainage of solution 
from the walls of the buret before the pressure is brought to atmos- 
phenc and the volume, temperature, and barometnc pressure recorded 
A small oxygen tank fitted with a water trap and pressure gauge is 
then connected to the gas buret by one arm of cock A The other 
arm is connected to cock JB The contents of the balloon are expelled, 
and the tube connectmg the face-mask and the soda-hme jar clamped 
off With cock A turned so as to close the buret but allow commum- 
cation between the oxygen tank and the breathmg apparatus, oxygen 
is run into the balloon m an amount estimated to be about four or 
five times the tidal arr of the patient A sample of blood, usually 7 cc 
to permit duphcate determmations, is now drawn from the patient 
under paraffin oil and dehvered imder oil mto a bottle contammg 
oxalate Even m small infants a defimte quantity of gas absorbable 
by Winkler’s solution is usually detectable m these prehmmary 
samples, and is probably either evidence of the known contammation 
of urban atmosphere with carbon monoxide denved from illummatmg 
gas, automobile exhaust gas, and from other sources, or represents a 
systematic error of the method The mask, with the pneumatic 
cushion well greased, is then apphed to the patient’s face, the clamp 
removed from the tube connectmg the mask with the soda-hme jar, 
and the patient allowed to breathe into the apparatus for a short 
period durmg which the positron of the mask is adjusted for the best 
approximation With the leveUmg bulb of the gas buret raised to the 
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level of cock A, and with cock B open, carbon monoxide is dehvered 
into the breathmg apparatus m an amount estimated to produce a 
final concentration in the patient’s blood of approxiinately 3 volumes 
per cent Cock A is then turned so that the buret is closed but the 
connection between the oxjgen tank and the breathing apparatus 
open, and a slow stream of oxygen allowed to run m at a rate which 
will keep the balloon nearly empty at full inspiration A breathmg 
penod of ten mmutes or more is allowed, at the end of which a second 
sample of blood is withdrawn under oil while the mask is stfil m place. 


TABLE 1 

Fachrs by vAuJt Poo It muUiplled to calcuhie vdumt per uni of CO 


Temperature 

Factor wbtn meanml with (U at 0,5 cc. 

vohime 



20 

0 02059 

21 

0 02C50 

22 

0 02042 

23 

0 02035 

21 

0 02028 

23 

0 02021 

26 

0 02014 

27 

0 02007 

28 

0 02000 

29 

1 0 01993 

30 

0 01986 


In the equation of Van Slykc and NdB, c — 0 5 

5 - 15 0 
< - 1 00 


cc. sample ■•3 0 

The oxygen stream is then turned off, cock B closed, the mask clamped 
off and removed The analysis of the blood samples for carbon 
monoxide is made in dupheate on 3 cc portions by an adaptabon of 
the method of Van Slyke and Robscheit-Robbms (8), and the percent- 
age of added carbon monoxide is then determmed bv subtracbon of the 
average figures The factors used to convert differenbal pressure 
readings to volumes per cent of gas are calculated from the equabon 
of Van Slyke and Neill (10) and are given in table 1 
The air resistance m the apparatus so designed is not great, and is 
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compatible -witb comfortable rebreatbmg dunng periods as long as 
twenty minutes when tests are made on older children whose con- 
fidence can be gamed Most of the infants, naturally, have fretted or 
cned dunng the greater part of the breathmg penod, though a few 
have slept throughout Smce the rapidity with which the gas is 
absorbed depends to a large extent on the rate of pulmonary ventila- 
tion, it has been customary to prolong the breathmg penod an addi- 
tional five or ten minutes m the case of infants who remam quiet 
With vigorous crymg some of the infants become shghtly cyanotic, 
but not more so than is commonly seen under ordmary circumstances 
In a few mstances where toxic infants were bemg studied the color 
improved as a result of the admimstration of oxygen inadental to the 
test We have observed no harmful effects attnbutable either to the 
carbon monoxide specifically or to the test in general, and the disad- 
vantages to the patient are apparently confined to the loss of about 
15 cc of blood and the discomfort of the two venapunctures and tem- 
porary restnction of activity The gas does not appear to be re- 
tamed long, m one patient m whom the test was repeated after 46 
hours, the concentration of carbon monoxide had fallen from a level of 
3 75 volumes per cent at the tenmnation of the first test to 0 11 vol- 
umes per cent at the commencement of the second Since carboxy- 
hemoglobm does not participate in the oxygen-carrying function of 
blood, it IS obvious that the carbon monoxide method of blood 
volume determination should not be apphed to patients with severe 
anemia 

DISCUSSION OF ERRORS 

i The denominator in equation I The analjrtical error in dupli- 
cate determinations by the foregomg techmque depends very httle 
on the amount of carbon monoxide present m the sample of blood 
In a senes of 13 duplicate analyses of samples drawn before any ad- 
ministration of carbon monoxide, the average deviation from the mean 
m the different pairs of determmations, expressed m volumes per cent 
of the gas at N T P , was 0 014 ±0 012^ volumes per cent In an- 
other senes of 30 duphcate anal 3 ^es after carbon monoxide had been 
given for blood volume determmations, where the final concentration 

^ The second figure indicates the standard deviation 
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was somewhere between 1 4 and 5 3 volumes per cent, the error ex- 
pressed m the same way was 0 025 ±0 018 Thus, the analytical 
error may be expressed as follows 


AnalyOcal Error “ 


Sum of absolute errora for both samples X 100 
Diflcrcnce of the mean of the two tamplea 


(0 OU ± 0 012 M- 0025 ± 0 018) X 100 
300 


or approximately 2 3 per cent for an elevation of the carbon monoxide 
level of 3 00 volumes per cent. For a larger amount of gas admin- 
istered, the error is correspondmgly dimimshed 

Z The numeralor fit equalwn I The measurement of the quantity 
of carbon monoxide absorbed by the patient involves three sources of 
error (o) determmation of the amount of gas mjected mto the breath- 
ing system, (b) leakage from the system dunng thebreathmg penod, 
and (c) determinaton of the residue of carbon monoxide remaimng 
in the apparatus at the end of the breathmg penod 

As a matter of convemence precautions are taken to prepare fairly 
pure carbon monoxide gas by washmg out the generator and the stor- 
age bottles several times before the final collection of gas for stocL 
The advantage of making the tests for punty m the Harmgton- 
Van Slyke manometnc apparatus is twofold in the first place, 
satisfactory checks are readily obtained, and m the second place, the 
use of Winkler’s solution for the final absorption of the gas, by an 
identical procedure to that used m blood analysis, offers a better basis 
for comparison of results than other methods such as combustion. 
As was stated previously, the results of dupheate determinations 
usually agree withm 0 2 per cent The measurement of the gas de- 
livered mto the breathmg apparatus from the gas buret is held to be 
accurate to fl 05 cc , mcludmg herem the errors assoaated with 
barometer and thermometer readmgs, so that for a volume of 20 cc 
at room temperature the error from this source amounts to less than 
0 25 per cent. 

A prehmmary test was made to detennme the rate of diSusion of 
carbon monoxide through rubber Under a positive pressure of about 
30 cm of glycerol salt solution, the pure gas passes through the wall 
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of an ordinary piece of thin-walled rubber tubing at a rate of approxi- 
mately 0 0003 cc per square centimeter of surface per hour At the 
low partial pressure of CO m the apparatus dunng a blood volume 
determmation, this leakage does not mtroduce an appreciable error 
The control of leaks m the breathmg apparatus has been dealt with 
to some extent previously After every two or three determmations 
the entire apparatus is tested by immersion m water and exertion of 
positive pressure on the baUoon It is always possible by the use of 
sufficient force to cause bubbles to appear aroimd the break m the 


TABLE 2 

Duplicate determinations m individual patients with short time intervals 


Patient 

Date 

Weight 

Blood 

volume 

Blood 

volume 

Plasma 

volume 

Plasma 

volume 




kgm 

cc 

cc ter 
ksm 

cc 

u per 
ksm 

A H 

/ 

April 9,1928 

7 29 

620 

85 0 

370 

SO 8 

l 

April 27, 1928 

7 58 

560 

75 2 

290 

38 6 

M C 

/ 

May 17, 1928 

8 30 

600 

72 3 

337 


\ 

May 19, 1928 

8 27 

565 

68 3 

323 

39 1 

M A 

; 

September 4, 1928 

4 72 

320 

67 8 

196 

41 5 

1 

September 14, 1928 

4 81 

320 

66 5 

185 

38 5 

F B 

/ 

September 10, 1928 

4 30 

270 

62 8 

164 

38 1 

1 

September 19, 1928 

4 42 

300 

67 9 

198 

44 8 

T fi 

( 

September 15, 1928 

6 10 

355 

58 2 

218 

35 7 


i 

September 26, 1928 

6 38 

355 

55 6 

199 

31 2 


soda-hme jar, but, as was also stated above, this part of the apparatus is 
sealed off by a water trap dunng tests on patients The most obvious 
source of error m respect to leakage is, of course, the face-mask, to the 
careful approximation of which the greatest attention is given dur- 
ing the entire breathmg penod Experimental control of this factor 
by duphcate determmations of blood volume on mdividual patients 
predicates a basic assumption of the constancy of the blood volume 
which, m the hght of present knowledge, must be considered still an 
open question Five such duphcate tests, performed with mtervals of 
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from 2 to 18 days, are listed m table 2 and suggest, at any rate, that 
the error here is at least not large 

The quantity of carbon monoxide absorbed by the patient is the 
difference between the amount mjected into the breathmg apparatus 
and the amount remammg m it at the end of the breathmg penod 
Such residual amounts are small but detectable, and while m our 
determmations they have not been found to be suffiaently great to 
influence the final figure for total blood volume, as calculated without 
takmg them mto account, by more than 2 7 per cent, and therefore 
within the total error of the method, it is possible that one may be 
able at some tune to show that m the presence of aadosis they will be 
large enough to be important, as suggested by the work of Stadie (11) 
on the absorption coefBcient of blood for carbon monoxide under 
varymg hydrogen-ion concentrations Salvesen (6) m detenmmng 
the blood volume of rabbits by the carbon monoxide method, had 
made use of sheep’s blood as a reagent for absorbmg the residual gas, 
determinmg the absorption coeflBnent of this particular blood by ex- 
posing samples of it to varymg atmospheric concentrations of carbon 
monoxide In our first attempts to utilue this method, with samples 
of human blood as the absorbmg reagent, we were unable to detect 
the presence of any residual carbon monoxide by simple exposure of 
the residual air m the apparatus to the blood used However, smce 
it has been shown that the dissoaation curve of carbon monoxide 
hemoglobm exposed to an atmosphere contammg both oxygen and 
CO is expressed by the equation 

HbCO _ ^ y (CO perceiUaee In air) ^ 

HbOa (Oi percentage in air) 

It seemed likely that this analytical method might be considerably 
refined by removmg the oxygen from the residual air before exposing 
it to the blood used for absorption of the carbon monoxide 

The method used is similar to that employed by WTnpple and his 
assoaates (12), except that it requires no special apparatus other than 
two or three Haldane gas samphng tubes The volume of residual air 
is first determined by addmg together the contents of the balloon, 
of the breath in g apparatus (exclusive of the balloon) from cock B to 
the pneumatic cushion of the mask, and of the “dead space” of the 
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of an ordinary piece of thin-walled rubber tubing at a rate of approxi- 
mately 0 0003 cc per square centimeter of surface per hour At the 
low partial pressure of CO m the apparatus dunng a blood volume 
detemunation, this leakage does not introduce an appreciable error 
The control of leaks m the breathmg apparatus has been dealt with 
to some extent previously After every two or three detenmnations 
the entire apparatus is tested by immersion in water and exertion of 
positive pressure on the balloon It is always possible by the use of 
sufficient force to cause bubbles to appear around the break m the 


TABLE 2 

Duplicate delennmattons in individual patients with short time intervals 


Patient 

Date 

Weight 

Blood 

volume 

Blood 

volume 

Plasma 

volume 

Plasma 

volume 




tsm 

cc. 

cc fer 
k[tn 

CC 

cc per 
ksm 

A, H. 

/ 

April 9,1928 

7 29 

620 

85 0 

370 

50 8 

\ 

April 27, 1928 i 

7 58 

560 

75 2 

290 

38 6 

M C 

/ 

May 17, 1928 

8 30 

600 

1 

72 3 1 

337 


( 

May 19, 1928 

8 27 

565 

68 3 

323 1 

1 

39 1 

M. A 

J 

September 4, 1928 

4 72 

320 

67 8 

196 

415 

t 

September 14, 1928 

4 81 

320 

66 5 

185 

1 38 5 

F B 

/ 

September 10, 1928 

4 30 

270 

62 8 

164 

38 1 

1 

September 19, 1928 

4 42 

300 

67 9 

198 

44 8 


■ 

September 15, 1928 

6 10 

355 

58 2 

218 

35 7 


■ 

September 26, 1928 

6 38 

355 

55 6 

199 

31 2 


soda-lune jar, but, as was also stated above, this part of the apparatus is 
sealed off by a water trap dunng tests on patients The most obvious 
source of error m respect to leakage is, of course, the face-mask, to the 
careful approximation of which the greatest attention is given dur- 
ing the entire breathmg penod Experimental control of this factor 
by duphcate detenmnations of blood volume on individual patients 
predicates a basic assumption of the constancy of the blood volume 
which, m the light of present knowledge, must be considered still an 
open question Five such duplicate tests, performed with mtervals of 
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patient was suffering from tuberculous meningitis, and during the 
rebreathing period remained on the whole more quiet than the aver- 
age patient. 

Li order to compare the results of detenmnations of blood volume 
by the carbon monoxide method with those obtamed with the dye 
method, simultaneous tests were performed on ten patients using both 
methods m the foUowmg way A prelimmary control experiment was 
made to determme whether the addition of bnlhant vital red, the dye 
used, to human blood would mterfere with subsequent absorption of 
carbon monoxide Ten cubic centimeters of oxalated human blood 
were placed m each of two beakers of equal size, and to one sample was 
added 0 05 cc of physiological salt solution, and to the other 0 05 cc 


TABLE 5 

Influence of presence of hriUtant titd red in blood on absorption cf CO 


ExpaiaHat 

avonber 

CO cealeat ol coatrd bJood 
(talbe added) 

CO c«9test o/ teit blood , 

{d^e added) 


IhipQcatc 

aaaJrie* 

AvmeB 

DopficaU 



mlumrt pereni 

P«r ctnS 

tdttmti ptr ani 

■Kiuma ftr ant 

relKMn Per ant 


1 027 


0 924 



' \ 

1 051 

1 04 

0 923 

0 92 

0 12 


3 776 


3 518 



' 1 

3 742 

3 76 

3 531 

1 

3 52 

0 24 


of a 1 per cent solution of the dye m order to give it a final concen- 
tration approximately the same as that effected by the use of the dye 
m chmcal tests Both beakers were then placed m a vacuum desic- 
cator equidistant from the inlet tube, and with the desiccator hd in 
place, but not tightly sealed, approximately 100 cc of carbon mon- 
oxide gas were slowly admitted, displacmg some of the contamed air 
The hd was then sealed and the desiccator gently agitated for 15 mm- 
utes to permit the gases to attain equihbnum with the blood samples 
On removal of the hd, a layer of paraflBn oil, one or two centimeters 
deep, was added to the contents of each beaker, and the two samples 
were then analyzed for carbon monoxide content The results, shown 
m table 5, agreed within the error of the method, we beheve, at any 
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always in the same direction in that disregardmg the correction causes 
a false high blood volume figure In comparative determmations 
on the same patient this is relatively unimportant 
Chang and Harrop (7) found that m the case of adults at rest and 
breathmg qmetly, ptactically complete absorption of the carbon 
monoxide mjected mto the breathmg apparatus had taken place after 
15 mmutes of rebreathmg It seemed probable that this mterval 


TABLE 3 

Absorption of carbon monoxide as determined by analysts of restdiial air 


Patient 

CO measnred 
from buret 

Unabsorbed CO 
by analysis 

Per cent CO 
absorbed 


cc alNTJ> 

cc HINT 

ptr cent 

S F 

11 450 

I 0 422 

96 31 

JL ' 

21 340 

0 536 

97 49 

D M 

12 925 

0 258 

98 00 

M S 

14 945 

0 100 

99 34 

L G 

14 170 

0 071 

99 50 

R S 

19 845 

0 035 

99 82 


TABLE 4 

Control cf time required for absorption of CO 
Blood carbon monoxide content 



At start 

After i 

5 minutes i 

After 

10 mmutes 

After 

IS minutes 


volumes 

volumes 

volumes 

volumes 


per cent 

per cent 

per call 

per cent 

A B 



3 43 

3 30 

C L 


2 88 

2 89 


R S 



4 22 


L S 



5 27 



might well be shorter m the case of mfants crymg vigorously, and the 
choice of a ten mmute breathmg penod m our technique is based on a 
small number of control observations which bore out this supposition, 
and which are given m table 4 This series has not been enlarged on 
account of the undesirabdity of removmg additional blood, but the 
results m patient R S , where this control was supplemented by 
analysis of the residual air for unabsorbed carbon monoxide, show 
that the ten mmute penod is, m aU probabihty, adequate This 
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patient was suffering from tuberculous meningitis, and dunng the 
rebreathmg penod remamed on the whole more quiet than the aver- 
age patient 

In order to compare the results of determmations of blood volume 
by the carbon monoxide method with those obtamed with the dye 
method, simultaneous tests were performed on ten patients using both 
methods m the foUowmg way A preliminary control experiment was 
made to determme whether the addition of bnlhant vital red, the dye 
used, to human blood would mterfere with subsequent absorption of 
carbon monoxide Ten cubic centimeters of oxalated human blood 
were placed m each of two beakers of equal size, and to one sample was 
added 0 05 cc of phjrsiological salt solution, and to the other 0 05 cc 


TABLE 5 

of prtsenu cf hnlltoni vttd rti tn blood on absorption of CO 


Experiment 

Domber 

CO content o! control blood 
(ttUse added) 

CO content of teit blood 
(djrt added) 

Elffermxt 
(control dyt) 

Dnrtete 

anil7«es 

Arence 

DnpUcatB 

tnalrut 

ATtn^ 



ptr Cfmi 

rmiimMJ Per anl 1 

retuma per cm/ 

mtirnsj per etnl 

1 ( 

1 027 


0 P24 



' 1 

1 051 

1 01 

0 923 

0 92 

0 12 

2 / 

3 776 


3 518 



' 1 

3 742 

3 76 

3 531 

3 52 

0 24 


of a 1 per cent solution of the dye in order to give it a final concen- 
tration approximately the same as that effected by the use of the dye 
in chmcal tests Both beakers were then placed m a vacuum desic- 
cator equidistant from the mlet tube, and with the desiccator hd m 
place, but not tightly sealed, approximately 100 cc of carbon mon- 
oxide gas were slowly admitted, displncmg some of the contamed air 
The hd was then sealed and the desiccator gently agitated for 15 mm- 
utes to permit the gases to attam equihbnum with the blood samples 
On removal of the hd, a la> er of paraffin oil, one or two centimeters 
deep, was added to the contents of each beaker, and the two samples 
were then analyzed for carbon monoxide content The results, shown 
m table 5, agreed withm the error of the method, we beheve, at any 
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rate, the error occurred m a direction which would have given, if 
anything, an abnormally high blood volume by the carbon monoxide 
method 

In the expenments with patients tabulated m table 6, the dye 
method of Keith, Rowntree, and Geraghty (13) was used, slightly 
modified to suit the conditions of work with infants Either 1 00 

TABLE 6 


Companson of CO method and dye method in stmiiUaneous blood volume determinations 

in 10 paiteiils 


Patients 

Weight 

O 

u> 

<• 

Blood volume 
(CO method) 

Blood volume per kilo 
gram (CO method) 

U 

TJ 

U 

B 

a ^ 

-a 

Se 

n 

Blood volume per kilo* 
gram (dye method) 


^^5 

s: 

f 


ksm 

months 

CC 



a. fer 
kim 

CC 

cc per 
kgfn 

L S 

3 53 

12 

275 

77 9 

595 

168 6 

-320 

-90 7 

F B 

4 42 

2 

300 

67 9 


90 5 

-100 

-22 6 

R W 

5 68 

7 

445 

78 3 


91 5 

-75 

-13 2 

S E 

6 72 

5 

410 

61 0 



-310 

-46 1 

J L 

6 75 

12 

500 

74 1 

475 


-)“25 

+3 7 

D B 

6 87 

8 

440 

64 1 



-60 

- 

8 7 

W P 

6 90 

15 

455 

66 0 

845 


-390 

-56 5 

R S 

7 47 

11 

500 

66 9 

550 

73 6 

-50 

- 

6 7 

C L 

7 80 

17 

605 

77 6 

455 

58 3 

+ 150 

+19 3 

J J 

8 22 

21 

655 

79 6 

635 

77 2 

+20 

+2 4 

Anthmetical mean 

71 ±2 

■ 

93 ±10 


Standard deviataon 

6 6±1 5 

■ 

31 ± 7 


Coeffiaent of variation 

9 ±2 

■ 

33 ± 7 



1 50 or 2 00 cc of a 1 per cent solution of bnlhant vital red, diluted to 
approximately 10 cc with physiological salt solution, was mjected, 
depending on the size of the patient The same graduated 2 cc pipet 
was used to measure the dye to be mjected and to make up the stand- 
ard dilution of dye for use in the colorimeter For the first sample 
of blood, 10 cc were removed, of which 4 cc were oxalated under oil 
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for a single determination of the carbon monoxide content and for 
hematocnt tests, the rest being allowed to dot in a centrifuge tube for 
control of the dve method The dye was then mjected, and four or 
five mmutes later the second sample of blood was drawn, 5 or 6 cc in 
amount, and either oxalated or allowed to dot m a centrifuge tube. 
A measured amount of carbon monoxide gas was then admimstered 
accordmg to the technique outhned previously, and at the end of the 
usual brea thin g penod 7 or 8 cc of blood were removed and oxalated 
underoil In calculating thetotal blood volumeforcompansonwith the 
two methods, the figures were corrected by the addition of the amount 
of blood previously withdrawn The disagreement between the re- 
sults of the two methods was often pronounced, and was neither of 
constant magnitude nor of umform direction In seven out of ten 
such deterramations the value of total blood volume expressed m 
cubic centimeters per kilogram of body weight was higher with the 
dye method than when the carbon monoxide method was used, and 
the average of all the deterrmnations with the dye method was 93 cc 
per kilogram, with the carbon monoxide method, 71 cc per kilogram 
The largest discrepancy between the two methods occurred m one 
patient m whom the blood volume as determmed by the dye method 
exceeded that obtained bv the gas method by 320 cc., or 91 cc per 
kilogram, while, m the other chrection, the dye method in another 
patient gave a result that was lower by 150 cc or 19 cc per kilogram 
than the value given by the carbon monoxide method If, as has 
been suggested by previous workers with both methods, the body 
weight IS in any sense a entenon for the expected blood volume, it is 
clear from these figures that the carbon monoxide is in our hands the 
more rehable Perhaps the obvious conclusion one might wish to 
draw IS that our technique with the dye method is faulty, but we are 
not convinced that this is a complete explanation of the discrepancy 
MTupple and his assoaates (14) in a comparison of the dye, carbon 
monoxide, and the exsanguination methods for determimng total 
blood volume in dogs, likewise found discrepancies of sumlar magm- 
tude and direction In all but one of fourteen dogs the value of total 
blood volume expressed m cubic centimeters per kilogram of body 
weight was higher with the d> e method than when the carbon mon 
oxide method was used, and the average of all the determinations 
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for the dye'Baethod was 103 9 cc per kilogram, for the carbon mon- 
oxide method, 86 9 cc per kilogram It is not withm the scope of 
this paper to discuss the theoretical aspects of the apphcation of these 
different methods, and we do not at the moment contend that the 
carbon monoxide method as described here eludes all the theoretical 
pitfaUs of clmical determination of the total blood volume, at the 
same time, it has m our hands exhibited a closer correlation between 
blood volume and body weight, as expressed m the coefficient of 
variation, than have determmations made by the dye method, and 
there is considerable experimental evidence m the hterature that the 
true blood volume follows body weight in health fairly closely, pro- 
vided smtable allowances are made for conditions of obesity or severe 
undemutntion 

REVIEW OF PREVIOUS WORE IN BLOOD VOLUME OF INFANTS 

In this discussion we shall not include the question of the blood 
volume of newly born infants, smce our material does not cover this 
age group The investigations of Lucas and Dearmg (15) are unique 
in this field 

The authors just mentioned, m a senes of 30 estimations made on 
11 nearly normal mfants varying m age from two weeks to a year, 
found an average quantity of 110 cc of blood per kdogram of body 
weight, as detenmned by the dye method Itidividual patients, 
though their blood volume might deviate considerably from the 
average figure when calculated with relation to body weight, never- 
theless tended to mamtam a fairly constant ratio over a penod of as 
long as two months, which was the maximum interval covered by the 
duphcate determmations According to these authors, the ratio of 
blood volume to body weight is more constant than the ratio plasma 
volume to body weight We have calculated the standard deviation 
and the coefficient of vanation^ of this series and obtam for the latter 
the figure 9 5 

* The formulas for the calculation of these functions are as follows 

= a smgle observation (such as a determination of B V /Wt ) 

« = number of observations 

M ■= arithmetical mean of all observations of the type Wi 

2 «Ii 

n 
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Bakwin and Rivkin (16), also using the dye method, detennined 
the blood volume of 36 normal infants ranging in age from 12 days to 
10 months, and obtained an average ratio of 101 cc per kilogram of 
body waght In this senes the standard deviation was 14 6 and the 
coeffiaent of vanation 14 Plasma volumes averaged 61 cc per 
kilogram for the same group, and here the coeffiaent of vanation was 
12, indicatmg a shghtly closer correlation than blood volume had 
shown 

Mamott and Perkms (17) in a study of 7 approximately normal 
infants under one year of age obtamed with the dye method an average 
figure of 9 1 per cent of the body weight (which may mean 91 cc per 
kilogram if their figure refers to volume of blood and not mass), with 
vanations from 8 0 to 10 8 per cent Their individual determma- 
tions were not reported 

Danow, Soule, and Buckman (18) demonstrated a closer agreement 
between plasma volume and weight than between blood volume and 
weight They showed that for any particular age group a practically 
identical degree of correlation eiasts between plasma volume per 
kilogram and plasma volume per square meter of body surface, and 
further that the part which age plays is expressed m the fact that 
the expected plasma volume per kilogram nses from an imtial level 
of 50 cc. per kilogram shortly after birth (calculated from the obser- 
vations of authors previously quoted) to a level of abput 62 cc durmg 
the first year of life, subsequently faffing slowly to a normal level of 
SO cc during the fourth year, where it remains through the rest of 
cluldhood, or up to 11 years of age which was the upper limit of their 
study They found that the ratio plasma volume to body weight 
vaned more widely dunng the first year of life than later The curve 
of vanation with age of the ratio plasma volume per square meter of 
body surface was more comphcated, showmg a rounded peak at one 
year followed by a gradual nse throughout childhood, and in general 
the ratio blood volume per square meter followed a parallel curve. 


Standard Deviation - - H)' 

Coeffiaent of Vanation - Deviation 
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They calculated the coeffiaents of vanation (referred to by them as the 
percentage standard deviation) of the ratio plasma volume per kilo- 
gram separately for each year of hfe dunng the first 11 years and 
obtained figures rangmg from 2 to 8 Such close agreement as these 
low coefficients express indicates that in average normal children the 

TABLE 7 


Tweniy-fotir blood volume and plasma volume detcrniinations tn 22 patients 


Patient 

Blood volume 

O 

E 

3 

’o 

> 

rj 

8 

S 

E 

S) 

<• 

Weight 

Length 

stem length 

Surface area 
(Dn Bois) 

Surface area 
(Meeh) 

Surface area 
(Howland) 

Clinical condition for which 
patient was admitted 


cc 

U 

mos 

hfin 

cm 

cm 

sg cm 

sg cm 

sq cm 


J G 

220 

136 

1 

2 18 

51 5 

33 5 

lEB! 


1,785 

Congenital sypMis 

L S 

275 

171 

12 

3 53 

59 5 

39 5 

2,375 

2,759 

2,435 

Congenital syphilis 

D M 

290 

190 

2 

3 55 


37 5 

2,265 

2,769 

2,445 


F B 

300 

198 

2 

4 42 


m. 


3,205 

2,865 

Nutntional disturbance 

F T 


172 

5 

4 58 


40 5 


3,282 

2,942 

Malformation of spine 

Isl A 


185 

6 

4 81 


Eali 





J w 

as 


2 

4 36 

57 0 


MSB 

jKB 

2,836 

OUtis media 

E E 

345 

e 

4 



39 5 

2,412 



Mongolian idiocy 

L G 



9 

6 38 


43 5 


4,093 

3,811 

Pneumoma 

C K. 

88 

ll 

3 



35 5 



2,324 

Prematunty 

L H 

385 

232 

5 

5 20 




3,571 

3,241 

Pneumonia 

S E 


212 

5 

6 72 

72 5 

Enm] 

^ 1 

4,238 

3,976 

Nutntional disturbance 

D B 



8 

6 87 


40 3 


EUtlllW 


Pneumoma 

R W 



7 

5 68 


41 5 


3,788 

3,474 

Congenital syphibs 

W P 


is 

15 

■awiii 




4,312 


Congemtal cataract 

J L 



12 

6 75 



3,589 

Eiwaiil 



A B 

Bh! 

219 

15 

7 63 


49 5 


4,611 

4,415 

Nutntional disturbance 

J P 

535 

298 

13 

6 35 







M K. 


332 

9 

5 73 

67 5 

45 0 

anoil 

mBiiI 

3,498 

Pyuna 

A H 

Ban 

wai! 

23 

7 58 



3,966 

4,592 

4,391 

Pertussis, encephabtis 

M C 

565' 

323 

11 

8 27 

73 0 



4,867 

4,724 

Scarlatma, mastoiditis 

M C 


337 

11 

B»!mI 




4,878 

4,739 

Scarlatma, mastoiditis 

A H. 


Em 

22 

7 29 




4,473 

4,251 

Pertussis, encephabtis 

J J 

655 

367 

21 

8 22 


47 5 


4,847 


Pertussis, pneumoma 


body weight is more than a fair index of the total plasma volume as 
determmed by the dye method It is further suggested by these 
authors that plasma volume appears to be related primarily to meta- 
bohc rate, and that its relations to body weight and surface area are of 
secondary degree and subject to the same hmitations as govern the 
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estimation of metabolic rate from measurements of body mass and 
area 

EXPERIUENIAI. REStJlTS 

Table 7 presents the results of 24 determinations of blood volume 
in 22 hospital patients admitted for a vanety of causes and who, at the 
time the determmation was made, were not thought to be suffering 
from any arcumstance that would bring about a temporary alteration 
of blood volume In other words, the figure obtamed for each patient 
was considered to represent a normal level for that mdividual at that 
particular time Only the age group of the first two years is mcluded 
As a measure of the normal blood volume at this age they, of course, 
suffer the defect of not compnsmg any strictly normal mdividuak, 
yet conversely, by includmg a vanety of nutntional states they are 
possibly better adapted for showing what correlations are most tena- 
aously held when the individual deviates widely from the average, 
and may thus serve to demonstrate, for example, whether body 
weight or surface area is a measure of total blood volume, even better 
than would an assembly of entirely normal values 
In companson of our results with those obtained by others with the 
dye method, the fundamental differences between tbe two methods 
must be borne m mind first, that the dve method measures the plasma 
volume directly while the carbon monoxide method measures the 
arculatmg blood volume directly, and secondly, that in the former 
method the added substance is mixed entirely or mamly in the plasma, 
whereas in the latter the gas is taken up almost exclusively by the red 
cells Accordmg to Whipple and his assoaates (14), these differences 
are largely responsible for the higher figures which so many observers 
have obtamed in workmg with the dye method, and m their hands the 
carbon monoxide method has given in dogs a higher figure than is 
yielded by the exsangumation method, though it closely approximates 
the results of the bleedmg method where the latter is combmed with 
procedures adapted for includmg m the total blood volume a figure 
calculated from the hemoglobin derived from extraction of tissues — m 
other words, when the non-arculating hemoglobin is included in the 
total blood volume figure W^e do not agree ivith the statement made 
by Darrow, Soule, and Buckman (18) that the carbon monoxide 
method gives results that are lower than the actual blood volume 
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In table 7 we have bsted tbe determined values for blood volume 
and plasma volume, together with the age, body weight, length, stem 
length, and body surface as calculated by the three different formulae 
of Du Bois, Meeh, and Howland (19) The coefl&aents of correlation 
(20) m table 8 express the degree of agreement between observations 
of blood volume or plasma volume and the corresponding measurement 
of the function under consideration, m the sense that no agreement 
at all is mdicated by a coeffiaent of 0, perfect agreement by a coeffi- 
aent of ±1 For a more detailed discussion of the significance of 
coeffiaents of correlation and vanation, one is referred to appropnate 


TABLE 8 


Coeffiaents of correlation of blood and plasma volume with various body measurements 



Blood volume 

Plasma \olume 

Age 

0 79 ±0 08* 

0 63 ±0 12 

Body weight 

0 89 ±0 05 

0 72 ±0 11 

Body length 

0 86 ±0 06 

0 68 ±0 11 

(Body length)* 

0 86 ±0 06 

0 68 ±0 11 

(Body length)’ 

0 86 ±0 06 

0 68 ±0 11 

Stem length 

0 73 ±0 11 

0 SO ±0 18 

(Stem length)* 

0 74 ±0 11 

0 49 ±0 18 

(Stem length)’ 

0 73 ±0 11 

0 48 ±0 19 

Surface area (Du Bois formula) 

0 89 ±0 05 

0 71 ±0 11 

Surface area (Meeh-Rubner-Heubner formula) 

0 87 ±0 05 

0 72 ±0 10 

Surface area (Howland formula) 

0 88 ±0 05 

0 73 ±0 10 


* The second figure in each column represents the standard error of the coeffiaent r. 


obtained from the formula e(r) 


1 -r» 



treatises on the theory of statistics, in general, however, there is a 
parallehsm m the degree with which the former approaches ±1 and 
the latter approaches 0 when correlation of the two vanables is treated 
by the two methods 

The coeffiaents of correlation hsted m table 8 show that the hnear 
correlation is best between blood volume and body weight, blood 
volume and surface area, and blood volume and body length On 
the other hand plasma volume shows poor agreement with any of 
these measurements If the blood volumes are plotted as ordmates 
agamst the body weight as absassae, pomts representmg individual 
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TABLE 9 


Ratio of blood oolumt to variom body maiurtmails 


Patient 

I 

1 

1 

n 

1 

e 

1 

A 

1 

0 

X 

1 
£ 

f 

s, 

1 

e 

X 

1 

E 

a 

i 

0 

X 

1 

i 

1 


cc 









J G 

220 

100 

9 

1 

2M 

1 


1 

233 

L S 

275 

77 

9 

1 

159 

0 

997 

1 

179 

D M 

290 

81 

7 

1 

280 

1 

047 

1 

186 

F B 


67 

9 

1 

169 

0 

936 

1 

047 

F T 

320 

69 

9 

I 

143 

0 

975 

1 

087 

JI A. 

320 

66 

5 

1 

032 

0 

944 

1 

048 

J w 

340 

78 

0 

1 

349 

1 

071 

1 

199 

E E 

345 

93 

2 

1 

431 

1 

216 

1 

376 

L G 

355 

55 

6 

1 

032 

0 


0 

931 

CK. 

370 

112 

1 

1 

713 

1 

403 

1 

592 

L.H 

385 

74 

0 



1 

079 

1 

188 

S E 

410 

61 

0 

1 

136 

0 

967 

1 

031 

D B 

440 

64 1 

1 

306 

1 

024 

1 

086 

R W 

445 

78 

3 

1 

307 

1 

175 

1 


W P 

455 


1 

218 

1 

055 

1 


J L 

KiTil 

74 

1 

1 

393 

1 

176 

1 

253 

A,B 

505 


1 

295 

1 

095 

1 

144 

J p 

535 

84 

3 



1 

311 

1 

409 

iLK 

550 


1 

725 

1 

444 

1 

571 

A.H 

560 

73 9 

1 

412 

1 

220 

1 

275 

If c 

565 

68 4 

1 

430 

1 

161 

1 

196 

M C 

KTl 

72 

3 

1 

515 

1 

230 

1 

266 

A H, 



1 

590 

1 

386 

1 

459 

J J 

655 

79 6 

1 

609 

1 

351 

1 

393 

Number of Obscn ations 

24 

22 

24 

24 

Arithmetical Mean 

77 0 ±2 6‘ 

1 34 ±0 01 

1 14 ±0 03 

1 23 ±0 03 

Standard Deviation 

13 0 ±1 9 

0 20 ±0 03 

0 16 =b0 02 

0 17 ±0 02 

Coeffident of Variation 

17 ±2 

15±2 

14±2 

14±2 


• The second figure gis-es the tumderd error 


detenmnabotis will he on both sides ol a straight line the equation for 
which IS obtained from the coeffiaent and is expressed by the for- 
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mula BV = 61Wt +80 A simpler formula, and one which for 
this senes gives an approximation almost equally satisfactory, is ob- 
tamed from the average of the ratios of blood volume to weight, as 
expressed in table 9, and is represented by B V = 77 cc per kilogram 

From a study of these values, it appears that body weight or surface 
area calculated by any one of the three formulas used gives a fairly 
close measure of blood volume even m the presence of such sharp devia- 
tions of these functions from the values expected on the basis of age as 
are offered in this group of patients For these ratios we have tabu- 
lated the values in individual observations (table 9) and have cal- 
culated the average figures, standard deviations, and coeffiaents of 
vanation, with their standard errors Since the correlation of blood 
volume with surface area is not significantly closer than that of blood 
volume with body weight, there is no material advantage in stating 
the formula for obtaming the blood volume from surface measurement, 
smce the latter is readily obtainable only by the use of other formulas 
such as those quoted, based on weight or weight-and-length mea- 
surements 

While the multiphcation of determmations may conceivably reduce 
these standard deviations and increase the accuracy of prediction 
of the figure for the total blood volume, it is equally hkely that there 
will always remain a number of individuals who, by reason of a con- 
stitutional factor not suffiaently taken into account in formulas of 
this simphaty, will show values deviating more or less sharply from 
such limi ts Our reasons for beheving this to be true are based on the 
fact that we obtained duplicate determinations of blood volume in the 
case of two patients, L G and M K , whose points on the plotted 
graph of blood volume per kilogram were located at a greater distance 
from the hne of the regression equation B V = 61 Wt +80 — the one 
above, the other below it — than any other points in the scatter For 
L G we obtamed the value 355 cc on admission, 355 cc 11 days later, 
for M K , 485 cc on admission, 550 cc 1 7 days later The first values 
in each case have not been included m the detenmnations subjected to 
analysis in this paper for the reason that at the time they were ob- 
tamed both patients showed some cbnical evidence of dehydration 
and it was thought that they might at the time be suffenng a tempo- 
rary disturbance m blood volume However, while they are justl> 
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excluded from the set of “normal values” they still serve eHectively to 
corroborate the second set of figures and ehininate the bkelihood of 
gross techmcal error in their detenmnation 

Our results differ, then, from those previously reported by other 
authors mainly m three ways our average values for blood volume 
per kilogram are considerably lower, the correlation between blood 
volume and vanous simple body measurements is closer than between 
plasma volume and those measurements, and finally, the scattering 
of our ratio values of blood volume per kilogram is considerably 
greater than that obtained particularly by Darrow, Soule, and Buck- 
man (18) The first pomt of difference may be ascnbed to our use of 
the carbon monoxide method as contrasted with their use of the dye 
method When the measurement of the circulating blood volume 
defiends on the quantitative administration of a foreign substance the 
loss of which from arculation, whether it be by diffusion out of the 
vascular system or by dilution m reservoirs of plasma in the small 
vessels as claimed by Whipple (14), would result m a raising of the 
analytical figure, it is difficult to see how our results can be too low 
They may be too high, if muscle hemoglobin bmds any considerable 
share of the tespued carbon monoxide The second point of differ- 
ence rests also on the choice of method, smce the carbon monoxide 
method determines the blood volume duectly, it is independent of 
additional error from hematocrit readmgs Finally, the wider scatter- 
ing of our results may in all probabihty be ascnbed to the vanety of 
developmental and nutntional states represented m our senes 

SUMMARY 

1 A technique is descnbed for the detenmnation in infants of the 
arculatmg blood volume by the carbon monoxide method, based on 
the successful use of this method in tests on adults 

2 In companson with the dye method, the carbon monoxide method 
gav e results which were more uniform and showed a fair conformity 
with body weight 

3 In a small senes of detenmnations of blood volume in patients 
less than two jears of age, the correlation of blood xolume to body 
weight, to surface area, and to body length suggested a normal inter- 
relationship of these measurements 
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4 As an estimate of the arculating blood volume m infants, exclusive 
of the new-bom group, the formula 

Blood Voliune m cc = (Body Weight in kgm ) X (77 ±13) 

may be expected to give the correct figure m more than half the cases 
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INTRODUCTION 

Up to the present Dme, artifiaal respiraDon has generally been ad- 
immstered either (a) bv manual methods or (i) by forang air under 
pressure into and out of the lungs by means of an insufflating appara 
tus 

The first method was brought to its present state of development by 
Sir E A Sharpey Schafer The obvious defect m this method lies 
in the fact that the chest is never inflated, it is only deflated and then 
aUoived to return to the normal position through its inherent elasbaty 
This process is in the reverse duecbon to that which is normal and if, 
for any reason, the tone of the respiratory muscles becomes impaued, 
the chest will refuse to return to the normal position, thereby creatmg 
a situation in which adequate ventilation is rendered impossible 

The second means of artifiaal respuabon has reference to posibve 
pressure devices such as the bellows (Keith, 1909) and to the lung 
motor and pulmotor, which force air m and out of the lungs, usually 
through a face mask fitted with mlet and outlet valves Among rescue 
squads m this country and Canada, this general method has been dis- 
credited and discarded (Engmeenng Committee of the Conference on 
Electric Shock, 1928) 

A wholly new method has recently been devised by Thunberg 
(1927) The pabent is placed in a chamber in which the pressures 
are alternately raised and lowered about 55 mm of mercury Since 
the pressure changes are equal on both sides of the thoraac wall 
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there is no movement of the chest The alternate rarefaction and 
compression of a fixed volume of air causes a volume flow which is 
proportional to the changes in pressure and which thus produces 
adequate gas exchange m the lungs 

A fourth method was descnbed by Doe (1889) This apparatus was 
devised for resusatatmg asphyxiated children It consisted of a 
small box, over an opemng in which a rubber dam was stretched 
The mfant was so placed m the box that his nose and mouth were held 
agamst a hole in the rubber dam Through a tube connected to the 
box a person outside alternately blew m and sucked out air Although 
there is no reason to doubt the efl&cacy of such a method, the task of 
supplying the pressures in this way for long periods must have been 
arduous and the results rather uncertain 

In South Afnca, Steuart (1918) suggested the use of a mechamcally 
operated device for mducmg artificial respiration m children with ante- 
nor pohomyehtis To quote the author “The pnnaple used is to 
place the child’s thorax and abdomen m a ngid air-tight chamber 
communicating with a large bellows, which periodically causes a partial 
vacuum m the box ” Either positive or negative pressures, or both, 
were obtainable and could be regulated as to frequency and amount 
Apparently the author carried his work no further (so far as the litera- 
ture mdicates) than the suggestion of this device 

Through newspaper reports, our attention was brought to a device 
patented (1928) by Eisenmenger of Vienna We had an opportumty 
recently to make experiments with this apparatus on normal men and 
also to serve as subj ects A rigid leather dome-shaped piece hned with 
rubber is placed over the patient’s chest, extended about over the 
region from the clavicle to the umbihcus, and strapped tightly m posi- 
tion Alternate positive and negative pressures mside the dome are 
apphed by an electncally dnven diaphragm pump Although the 
dome-shaped cover is not air-tight at any time, the pump produces 
any desired pressure up to about 400 cm of water, either positive or 
negative 

The apparatus which we have developed (figs 1 and 2) is based on 
pnnciples somewhat different from any of those mentioned The 
patient’s body is entuely enclosed in a cylindncal sheet-metal tank 
sealed at one end At the other end is a flat hd, to which is attached 
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a rubber collar The patient’s head and part of his neck protrude 
through the collar, the head lying upon an adjustable support outside 
the tank Since the patient is thus enclosed m an air tight chamber, 
the pressure around the body may be alternately raised and lowered 
while the head always remains at atmosphenc pressure TlTien the 



Flo 1 Mecuamcal Respiratoh, Suomtoo Ta>,k mtiti Fuhp JtzcnAinsu 
Connected by Fleoble Tube at Foot End 

The collar and head rest are m place and the patient is ready to be pushed into 
the tank. 

pressure m the tank is lowered, the chest expands and air rushes mto 
the lungs When the pressure is raised, the chest is compressed and 
air is forced out of the lungs By this method, movement of the chest 
IS induced m such a manner as to simulate the natural respiratory 
movements 

DESCRIPTION OP NEW MECHANICAL RESPIRATOR 

The body of the respirator is made of metal (preferably sheet iron) 
welded at all joints Rails m the form of "channels” are n elded to the 
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inside The patient hes on a mattress supported on an angle iron frame 
to which spnngs are hooked on all four sides This bed frame is 
fastened ngidly to the hd of the tank, the bed and hd rolling in and 
out of the tank on wheels The rubber collar through which the 
patient’s head protrudes is fastened to the outside of the lid The 



Fig 2 A Patient in the Respirator 

Note the position of the port-holes Attendant has his hands on the dial of the 
thermostat hich controls the temperature and humidity of the air in the tank 

patient can thus be taken out occasionally for examination without 
removal of this collar (fig 3) To transfer a patient from a bed or 
stretcher to the tank requires about two minutes If necessary, man- 
ual respiration can be carried on dunng this mterval 

The lid of the tank is clamped tightly against the body of the tank 
by means of refrigerator locks On the inner surface of the hd there is 
a small A- shaped nm, u hich fits into a seamless rubber gasket dove- 



Fig 3 Head End or Tank SnoniM. Adjustable Head Rest and Rubber 

Collar 

In future, the collars mil be molded m a smgle piece and bolted to the lid of the 
tank b> metal rings with wing nuts 

The tank can be rotated about 75 degrees in both directions and the 
foot end can be raised or lowered about 15 degrees with the horizontal 
The chief purpose of these mancuvres is to give the patient a change in 
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position If necessary, sides can be placed on the bed to keep the 
patient in position when the tank is rotated 

The body of the tank is equipped with marine-type glass portholes 
for observing the patient and with numerous small holes (pipe taps) 
for inserting thermometers, attaching manometers, connectmg pneu- 
mographs, blood pressure cuff, or stethescope For taking x-ray 
photographs of chest movements, the glass of the porthole is replaced 
by a sheet of thin alumimum permeable to x-rays 

The pumps (fig 1) which produce the pressure consist of two small 
umversal blowers ^ The valve mechanism controlling the pressure 
alternations is made up of two concentric cyhnders, the outer one is 
stationary and the mner one driven by a worm gear connected through 
a variable speed motor Holes are cut at certam intervals in both 
cyhnders and these holes in turn lead out on one side to the pumps and 
on the other to the tank The valves, driving gear, and cocks are so 
arranged that the pumps may be used in series, m parallel, or singly 
Either pump may be disconnected and replaced by a new one without 
stopping the apparatus Any combmation of pressures, positive or 
negative, up to about 60 cm of water can be apphed and any number 
of pressure changes (i e , breaths) from 10 to 40 per mmute are ob- 
tainable 

The manometer which mdicates pressures within the tank is filled 
with water colored red for visibihty, the scale measures m half centi- 
meters above and below the zero point (atmosphenc pressure) In 
controUing pressures, it is difficult to read both hmbs of the manometer 
at the same time We therefore use the rising limb only and, by 
measurmg in half centimeters (thus doubhng the actual reading) get 
the total excursion 

The rubber collar (fig 3) was developed by the Hood Rubber Com- 
pany The diameter of the hole in the collar for the neck and of the 
hole in the hd of the tank through which the subject’s head must pass 
and to which the collar is fixed were taken from figures supplied us by 

^ Manufactured by the Electnc Blower Company, Boston, Mass These blowers 
uere chosen because they are designed for continuous service and deliver a con- 
siderable \olume of air against 75 to 100 cm of vater pressure Although 
these pumps fimction satisfactonl}', their noise is a drawback m hospital work 
We expect shortlj to substitute pumps of more silent operation 
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the Cluett Peabody Company, collar manufacturers, and by the Knox 
Hat Company Dunensions for the smaller coUar sizes were taken 
from our own measurements on infants and children 
Excessive movement of the rubber collar from the pressure changes 
IS prevented by semi lunar discs of thin metal placed on both sides of 
the collar This penmts the use of thin rubber about the neck At 
present, we are usmg a senes of six collar sizes, which seems adequately 
to cover vanabons in neck sizes from children two years of age to 
adults 

The rubber collars must withstand continuous pressure changes of 
from 0 to 60 cm of water without appreaable leakage, they must be 
actually air-tight at low pressures, and, at the same time, they must 
not be uncomfortable Up to the present, aU of our collars have been 
built bv hand, but we hope soon to have them moulded in one piece, 
which would matenally reduce their cost and increase their uniform- 
ity 

PRESSURES REQUIRED TO INDUCE BREATHING 

Our chief purpose in makmg this apparatus was to secure a device for 
treatmg patients suffenng from protracted cases of respiratory failure, 
such as are induced by severe carbon monoxide poisomng, electnc 
shock, morplune poisomng, pohomyehtis, and the hke The impor 
tant question of how much pressure is needed to mduce breathing m 
pathologic cases was estimated by usmg a number of normal men and 
women as subjects and observing their reactions when the pumps were 
working agamst vanous pressures 
Table 1 gives the results of a senes of experiments on normal men 
and women, chosen at random from the laboratory personnel in the 
buildmg The plot of these data (fig 4) shows that there is a very 
considerable vanation m mdividual reactions and expenments like 
nos 11 and 1 2 mdicate that the same subject does not necessarily react 
in the same way in two expenments imder approximately the same 
pressures As the normal minute xolume itself vanes as much as 10 
or 20 per cent, it seems probable that the scattenng of the points about 
the dotted Ime of figure 4 are within the normal expected vanation 
In order to determine approximate threshold pressures on a normal 
subject, one observes the manometer and gradually increases the 
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TABLE 1 


Changes in minute volume resulting from various pressures 


Expen 

mcnt 

Subject 

Xital 

capacity 

i Normal 

1 minute 

1 volume 

Average 
plus and 
minus [ 
pressures 
appUed 

Resulting 

minute 

volume 

Increase 

above 

normal 

Approxunate 
tlireshold pressure 



liters 

liters 

cm waitr \ 

liters 

per cent 

cm voter 

1 

A (m) 

6 1 

10 

7 6 

8 4* 

-15 7 

10 

2 


1 


10 2 

10 0* 

0 


3 



1 

12 0 

12 6* 

25 7 


4 



1 

19 0 

16 3* 

63 0 


5 




1 21 0 

23 5* 1 

135 0 


6 




30 7 

40 0* 

300 0 


7 

B (m) 

5 8 

5 8 

4 3 

5 5 

-5 0 

10 

8 




9 1 

5 8 

0 


9 

1 



11 6 

7 7* 

33 0 


10 


1 


14 0 

10 8 1 

86 2 


11 




21 3 

11 6* 

100 0 


12 



1 

21 6 

17 2 

193 0 


13 

C(m) 

5 1 

1 

9 

6 3 


1 

17 8 

6 

14 




11 5 

13 9 

54 0 


15 




19 1 


111 0 


16 

D(£) 

3 2 

5 

7 9 

44 

-12 0 

8 

17 




9 7 

9 8* 

96 0 


18 




11 6 

10 0 

100 0 


19 




17 1 

14 8* 

196 0 

1 

20 




21 5 

22 2 

340 0 

1 

21 

E (m) 

4 5 

8 2 

8 2 

15 4* 

87' 5 

4 

22 




16 4 

23 6* 

188 0 


23 

F(m) ’ 

5 6 

8 

5 0 

11 6 

45 0 

2 noticeable 

24 




9 5 

16 2 

100 0 

20 complete 

25 




15 1 

19 6 

145 0 

control 

26 


1 


20 3 

34 7 

334 0 


27 

G(f) 

2 4 

6 6 

6 8 

12 7* 

93 0 

4 

28 



1 

17 3 

22 0* 

233 0 



* Minute volumes determined m the course of takmg Benedict metabohsm records 
Other values detennmed spiiometncaUy {Dnnker, 1927) 












PHILIP DRINKER AND LOUIS A SHAW 


237 


pressures — positive and negative — by turning the proper valves 
When there is too httle pressure to be effective, the subject’sbreathing 
is not m perfect synchronism with the alternations of the pump and the 
excursions of the water m the manometer are therefore very irregular 
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PERCENT CHANGE IN MINUTE VOLUME 


Tio 4 The Data or Table 1 I>LOrrED as a Means of Deteriuning Appeoa 
niATE Threshold Pressores — Pressures at Which the Rxepiratort 
IIOVEUENTS OP the AVERAOE SUBJECT FaLL INTO PERFECT SvN 
CHROVIBII WITH THE PuiLP 

WTiere the dotted hue passes through rero is the approximate threshold pressure 


As the pressures are increased, a point is reached fgencrallj at about 5 
to 10 cm ) when the subject falls mto rhythm with the pump and 
remains so, no matter how much the pressure is increased subse- 
quentlj Tor one man of normal phjsique (subject F, table 1) about 
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18 to 20 cm were required before the pump completely controlled 
his breathing Another subject, A, a tall thin man, fell in at about 
10 cm With refractory subjects like F, synchromsm with the pump is 
generally achieved by startmg with pressures of about 18 to 20 cm 
and then rapidly coimng down to 5 to 10 cm , which, from figure 4, 
seems to give about the average threshold range 
The conditions encountered m the tank are qmte unlike anything 
one experiences normally The head is at atmosphenc pressure and 
the chest, diaphragm, and abdomen are alternately under positive 
and negative pressures Of the two, negative pressure (inducing in- 
spiration) IS much the more difficult to resist 
There is no certam way of predicting the optimum combination for 
any individual The most satisfactory procedure seems to consist 
m having all the controls as flexible as possible and qmckly exploring 
the likely pressure ranges until a reasonable one is found to fit the 
patient 

THE EFFECT OF ALTERNATE POSITIVE AND NEGATIVE PRESSURES 

UPON SPEECH 

Another method of determining threshold pressures for normal sub- 
jects is given by the effect of pressure changes upon speech A new 
subject — espeaally if he understands the apparatus — usually enters 
the tank with a certam degree of skepticism — he doubts the effective- 
ness of such small pressure changes As the pressures are gradually 
increased, he is likely to attempt to talk or laugh and, as either func- 
tion IS cut off abruptly by inspiration, one can easily teU when the 
threshold pressure is approached For the majonty of subjects, 
speech is senously hindered at pressures of about 5 to 10 cm and is 
almost wholly prevented at pressures of about 20 cm or more This, 
of course, apphes to the inspiration phase only 

PRESSURES EXERTED IN ARTIFICIAL RESPIRATION BY THE SCHAFER 

METHOD 

At our suggestion, Mr T J Shaughnessy, supervisor of resusatation 
and mstruction in the Consohdated Gas Company of New York, was 
so good as to have bis rescue squads, numbenng altogether about 45 
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men, perform the Schifer prone pressure method on the platform of a 
spnng scale which registered the pressure m pounds apphed by the 
operator All the subjects had repeatedly used the Schafer method in 
actual resusatation work m and about New York City The results 
of the experiment, plotted m figure 5, show that the pressures apphed 
ranged from about 41 to 63 kilos and vaned roughlj with the weight 
of the operator 


WT OF RESUSCITATOR IN LBS 
125 150 175 200 225 



WT or RESUSCITATOR IN KILOS 


Flo 5 A CoupAMSoy or me Weiohte and Pressures Applied by 45 Expe 
R iENCED 'Trone Pressure Resdsotatoes” prom the Resdsciiation 
Chfws of the Consolidated Gas Coupany of New York 
Courtesy ot Mr T J Shauglmessy 

This range is somewhat above the 23 to 41 kgm f SO to 90 pounds) 
given by Keith (1909) as practical working figures in applymg the 
Shafer method 

Mr Shaughnessj^'s data are of interest to us because thej show 
what relatively great pressures must be apphed over a small area (the 
palms of two hands) in practical resusatation worL In this case, of 
course, positive pressure only (forang expiration) is exerted 
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THE EFFECT OF THE EESPrRA.TOR ON METABOLISM 

If a subject is passive and readily falls into rhythm with the pump, 
it is reasonable to expect a consequent reduction in metabohsm, for the 
normal muscular work of breathing is supposedly bemg performed in 
large part by the pump A considerable senes of careful experiments 
upon normal men and women did not, however, bear out this expecta- 
tion The results showed that, for the most part, metabohsm was not 
affected significantly unless threshold pressures were considerably 
exceeded, then increases of 10 to 20 per cent were obtamed, owmg, 
apparently, to the muscular work of resisting over-ventilation 

OVER-VENTILATION AND ITS SIGNIFICANCE 

It IS impossible to produce on a normal subject more than a slight 
degree of apnea by the Schafer method This method also has httle 
effect upon a subject who has previously breathed forably for some 
minutes and has already become apnac The mechanical respirator, 
on the other hand, offers a convement method for producmg apnea, 
for forang a resistant or apneic subject to breathe, and for studying 
recovery from apnea 

Figure 6 shows a Benedict metabohsm record of subject A in the 
tank He first breathed normally, then with one pump runmng at 20 
cm pressure, then with two pumps at about 30 7 cm The record 
shows the subsequent apnea which extended over a period of some 
four mmutes There was, clearly enough, an appreciable consumption 
of oxygen dunng these four minutes, although the respiratory move- 
ments were neghgible 

In making this particular record, the rubber flap valves ordinarily 
used in the Benedict apparatus to control inspiration and expiration 
were removed Instead we used a small blower or “impeller” devised 
by CoUins for use with the apparatus when the subject is breathing 
deeply, as m perfonmng muscular work In this way, oxygen at 
atmosphenc pressure is brought continually to the subject, so that, as 
the oxj^gen m the lungs is converted into carbon dioxide, more oxygen 
is drawn in to replace it This process can take place with no visible 
chest movement 

It may well be objected that the data obtamed upon healthy sub- 
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jects are not valid and mayonly reflect the fact that our subjects (table 
1) find It easier to cooperate with the respirator than to assume a 
passive attitude Such an objection, however, may safely be disposed 
of by considering the ease with which the subject can be over-venti- 
lated to any desired degree (fig 6) It has been demonstrated by 



Fig 7 Pneuiiographic Records Taken on Normal Subject 


I, Porter pneumograph is placed around chest at level of the fourth nb, II, 
pneumograph is 2 5 cm below the tip of the xj'phoid, and III, pneumograph is 13 
cm below position m II A represents normal breathmg, B forced breathing with 
the pump delivenng an average of -J- 12 and —10 cm of water pressure, and C 
recover}^ after the pump had been shut ofi at point X Time intervals = 1 
second 

laboratorjr expenments upon mammals that over- ventilation is resisted 
by a muscular effort no less pronounced than that which follows under- 
ventilation 

In order to prevent over-ventilation and the consequent develop- 
ment of alkalemia in the case of a patient suffering from respiratory 
failure, it is best to collect the expired air from time to time m a spirom- 
eter and determine the minute volume The latter should then be 
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regulated to conform with the average respiratory \olume per mmute 
per kilogram of body weight for the particular mdividual 

CHEST AND DIAPHRAGUATIC MOVEMENTS 

Pnctimograph records 

In order to study the relative movement of the chest and diaphragm 
in natural and m mechamcaUy forced breathing, three Porter pneumo- 
graphs were placed on subject A, connected so as to write separate 
records on a kymograph eqmppied with a second marker 

The first pneumograph, I, was placed at the level of the fourth nb, 
the second, 11, 2 5 cm below the tip of the xyphoid, and the third, 
m, 13 cm below the second A record of normal breathmg was then 
made (fig 7, A) with the subject lymg at rest m the tank Next the 
pump was run at pressures of -t-12 and —10 cm givmg the record 
shown m figure 7, B Fmally, the pump was stopped and the penod 
of recovery from the shght apnea produced is shown in figure 7, C 

Compared with normal breathmg, breathing induced bj the mechan- 
ical respirator showed a marked mcrease m chest movement, particu 
larly in movement of the upper part of the chest Directly after the 
pump was stopped, there appeared to be pracbcallj no movement m 
the first and third pneumographs and a shght movement m the second 
As recovery progressed, diaphragmatic breathmg (the third pneumo- 
graph) became more pronounced and, after about one rmnute, was 
practically normal The upper pneumograph shows that normal 
breathmg had not been resumed about one rmnute after the pump was 
stopped 

X ray record 

A portable x ray machme was arranged so that the tube was directly 
over the central porthole, near the head end of the tank (fig 2) By 
replacmg the glass of the port with thm alummium, x-raj photographs 
of the subject’s chest movements could be taken The subject in this 
case was an athletic man 27 years of age, apparently m excellent health 
His vital capaaty was 4 S hters 

Dr Memll C Sosman’ was kmd enough to take the pictures for us 
and commented upon the resultmg plates as folloivs 

* Roentgenologist in-ohief Peter Bent Bngham Hospital Boston 
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Films of the chest on deep voluntary inspiration and expiration show a maximum 
movement of the diaphragms 8 8 cm , with a change m diameter of the chest of 
3 cm 

Films of the chest m the respirator, one at 46 cm of water, negative pressure 
(inspiration), and the other at 39 cm of water, positive pressure (expiration) 
show a change of 10 5 cm m the height of the diaphragms and a much more 
marked change m the width of the chest The latter cannot be measured, as at 
expiration the edges of the chest are beyond the limits of our largest film It is 
estimated to be about 6 cm A comparison of the two sets of films shows that 
forced inspiration and expiration cause more change m aeration of the lungs 
than do voluntary inspiration and expiration 

THE APPARATUS USED AS A MEANS OF RECORDING RESPIRATORY 

MOVEMENTS 

When the subject hes at rest in the respirator breathing naturally 
without the mechanical assistance of the pump, the expansion of the 
chest caused by inspiration raises the pressure of the air m the respira- 
tor and, conversely, the deflation of the chest caused by expiration 
lowers the pressure If now a manometer of high sensitivity be con- 
nected to the respirator, the respiratory movements can be easily 
followed The sensitivity of such a manometer may be greatly aug- 
mented by tiltmg it at an angle of 5 or 6 degrees with the horizontal 
and by usmg a liquid of low speafic gravity, such as ether 
By treating our respirator as a body plethysmograph, the respira- 
tory movements may be recorded volumetncaUy This may be 
effected by connectmg the respirator with a Krogh spirometer of S or 6 
hters capaaty, with a wntmg point m apposition with a kymograph 
At inspiration, a volume of air eqmvalent to that inspired is displaced 
mto the spirometer by the expansion of the chest and at expiration 
the air is agam withdrawn from the spirometer by the contraction of 
the chest The alternate movements of the spirometer hd writes a 
record both of respiratory movements and of respiratory volumes 
The accuracy of the latter is directly proportional to the sensitivity of 
the spirometer and inversely proportional to the volume of air sur- 
roundmg the body, smce a certam shght pressure must be built up in 
the plethysmograph to overcome the inertia of the spirometer 
This method of recording respiration has been previously used by 
Shaw (1928) and also by Bmger and Davis (1928) 
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Since the tnut can be changed at will from a mechamcal respirator 
to a plethysmograph, it gives a convenient and clmically practical 
method of observmg m pathologic cases whether the subject’s normal 
breathmg is being resumed 

CONTROL OF TEirPERATtrSE AND HDIUDITY 

A thermostat for controlhng the tempierature and humidity of the air 
in the tank is screwed m at the foot end near the top When the tank 
IS completely shut — when the pumps are not runnmg and no air is 
bemg introduced from outside — the patient’s body heat raises the 
temperature withm to an uncomfortable degree, if some sort of ther- 
mostatic mechamsm is not provided In our apparatus, the air 
withm the tank is arculated through a can of ice, which serves both as 
a dehuimdifier and a coohng agent The small blower, produang the 
air circulabon, is controlled by this thermostat 
When the pumps are running, the air is continually being changed — 
the air withdrawn from the tank is exhausted and blown mto the room, 
without finding its way directly mto the tank again Then thermo- 
static control IS not needed 


DISCUSSION 

We recently had an opportunity to apply our respirator (1929) in 
a case of mtercostal paralysis from poliomyelitis The patient, a 
child of eight years, was m the machine almost continuously for a 
penod of 122 hours, at the end of which time death occurred, resulting 
apparently from cardiac failure brought on bv an extensive broncho- 
pneumoraa in the right lung Exammation of the lungs at autopsy 
showed no evidence of trauma from ovennflation, nor was any other 
form of damage to the patient from this prolonged apphcation of 
artifiaal respiration observed Dunng the time the child was in the 
respirator, she was able to talk, sleep, and take nourishment while the 
pumps were running 

This case and another described by Petr^n and SjSvall (1926) 
indicate that respiratory failure m cases of poliomyehtis can be pre- 
vented and encourage the hope that recovery may follow in certam 
cases which would otherwise termmate fatally 
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Our respirator in its present form, like Thunberg’s Barospirator, is 
a rather cumbersome and complicated apparatus — it is a clmical tool 
to be used in hospitals under the direction of competent chnicians 
For emergency rescue work, it cannot displace the Schafer method of 
manual resusatation 

We are mdebted to the gas and electnc compames affihated with the 
Consohdated Gas Company of New York through their Committee 
on Resusatation and Related Activities for the funds which enabled 
us to bnng this apparatus through the experimental stages 
We wish to express our thanks to Mr F C Chnstensen, Superin- 
tendent of the Machme Shop of the Harvard Medical School, who 
designed and manufactured the valve mechamsm of this apparatus 
We are espeaally mdebted to him for the many improvements which 
he has mtroduced smce the first experimental respirator was built 

SUMMARY 

The literature on mechamcally operated devices for the application 
of artificial respiration is briefly reviewed and a new type of respirator 
IS described and illustrated This respirator consists m a metal tank, 
sealed at one end, m which the patient is placed, his head protruding 
through a rubber collar attached to the open end of the tank By elec- 
tncally operated pumps, the atmosphere withm the tank is placed 
alternately imder positive and negative pressure, positive pressure 
mducmg expiration and negative pressure mspiration The pressure 
changes per mmute can be vaned from 10 to 40 and any combination 
of pressures, positive or negative, from approximately 60 cm of water 
to atmospheric pressure can be obtamed The average threshold 
pressures — those which mduce breatiung agamst the subject’s will — 
are found to be about 5 to 10 cm of water for normal men and woman 
Apnea can be produced by means of the respirator and an apneic 
subject can be made to breathe deeply 
By turmng a valve at the foot end, the respiration tank is converted 
instantly mto a plethysmograph If a smtable spirometer is attached, 
graphic records of breathing can be made and the patient’s ability to 
breathe mthout assistance determined 
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THE INA^OLUnON OF CUTANEOUS XANTHOMATA CAUSED 
BY DIETS LOW IN CALORIES 

ByA C.aJRTIS U J '^TLEan-dH C ECKSTEIN 

{From Ike Departmenls of Inicrnd Medtane, Dermatohgy and PhysioJo^ical Chmisiry 
XJnxoersity of ^tckigon iledtojl Scisool, 4n?i Arbor) 

(Received for pubbcalion November 2 1928) 

Since the demonstration of cholesterol crystals in xanthomata by 
Bazm (1) in 1869 and the subsequent findmg of a hypercholesterolemia 
by Chauffard and Laroche (2), cutaneous xanthomata have been 
considered cholesterol tumors It has been pomted out by Wile, 
Eckstein, and Curtis (3) that xanthomatous tumors do not have as 
much cholesterol m them as does the surroundmg skin and that their 
presence does not necessanly depend upon a lipemia or a hypercholes- 
terolemia In this same study it was demonstrated that not more 
than 11 per cent of the tumors was neutral fat and 16 per cent of tius 
was cholesterol Major (4) has shown that xanthomatous nodules 
consist of neutral fat, fatty acids, hpoids, and cholesterol It is a 
common observation that xanthomata associated with hypergliTerma 
are often seen in obese mdividuals and ns these tumors consist of neu- 
tral fat, fatty acids, lipoids, and cholesterol they may represent depos- 
its of fat in the skm serving the same purpose as other fat depots m 
the body If such a premise be true these cutaneous deposits of 
fat should respond to dietary measures as other fat depots do Such 
was shown in our first paper (3) to be true, at least m part In order 
to inxestigate this hypothesis further we have studied three patients 
with xanthomata The first two patients were sisters who develojled 
xanthomatous lesions within six months of each other wnthout an 
associated diabetes The third patient had a severe form of cutaneous 
xanthomata and diabetes melhtus All patients had a bpemia 

CASE mSTORIES 

Case 1 K. L , female age S came to the hospital complammg of on eruption 
which began 1 } years ago as a glass pm head size j ellowish h>'pertrophic grow th on 
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the dorsal surface of both elboTva The nodules were \'ello^ m color and pamless 
The> slowl> increased in size and in numberuntil they involved all extremities and 
the trunk Except for measles, mumps, whoopmg cough, and chickenpox, her 
past histor> is essentially negative Neither has she had an> symptoms referable to 
diabetes raellitus nor has there been an\ family historv of the disease On the 
antenor aspect of the bod\ she presented three small lesions on the outer aspect 
of the right knee and two small lesions on the upper outer aspect of the left knee 
These nodules varied approximatch from 1 to 10 mm m diameter They 
v.ere sharply elevated from the surroundmg skin, orange yellow in color, and 
firm to palpation On the postenor aspect of the bod\ the lesions were located 
over the elbows, m the gluteal deft and over both tendo Achilles The lesions 
for the most part were made up of groups of nodules varying m diameter from 1 
to 15 mm They were orange yellow m color, sharply elevated from the but 
rounding skin, and firm to palpation (Sec fig 1 ) Climcal diagnosis xan 
thoma tuberosum Pathological diagnosis xanthoma tuberosum 

Case 2 hi L , age 7, a sister of K L came to the clinic complaining of a small 
nodular eruption which had begun two years ago on the dorsal aspect of both 
elbows The lesions slowh increased m sue and in distribution until tbev were 
present over all extremities and the trunk Her past history is negative except 
for measles mumps, chickenpox and whoopmg cough No symptoms of diabetes 
melhtus w ere present 

On the antenor aspect of the bodv she presented two small lesions on either side 
of the glabella which were approximately 1 to 10 mm m diameter On the volar 
surface of the right wnst were two lesions one approximately 15 mm and one 
appronmatcU 2 mm in diameter Over the outer aspect of both knees there 
were similar lesions slightly larger than those of the arms Most of the lesions 
were orange ^'ellow in color, sharpU raised from the surrounding sUn and firm to 
palpation Over the posterior surface there were lesions on the neck which were 
verrucous and Imear appearmg something like a naevus Over the elbows and m 
the popliteal space the lesions were made up of a confluence of smaller lesions 
\raning in size from approxiraatelv 10 to 50 mm m diameter Over the lower 
aspects of the tendo Achilles the lesions were somewhat smaller (See fig 1 ) 
Cli n ic a l diagnosis xanthoma tuberosum Pathological diagnosis xanthoma 
tuberosum 

Case 3 B B , male, age 42 came to the hospital because of an extensive 
eruption all over his body Five vears pre\uously' he noticed a small papular and 
nodular eruption on his shoulders and the extensor surfaces of his arms The 
lesions were yellow , moderately firm and discrete They rapidlv spread until 
they mvolvcd the whole body with predilection for the buttocks, extensor surfaces 
of the arras and legs Since then the lesions have persisted and are painful when 
traumatized 
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The patient was an obese male (190 pounds) ^^no presented over the trunk, 
elbovs, knees, buttocks, and backs of theJiandsJarge numbers of h-pical tuberous 
xanthomatous lesions The older lesions w ere quite hard and tender on pressure 
The color of the lesions was a chamois vellow The unne show ed a 4 + sugar and 
the blood a defimte h)qierglycemia and hpemia 

Diagnosis diabetes melhtus, obesity xanthoma tuberosum 

METHODS 

Case 1, K L , and case 2, M L , were hospitabzed July 2, 1928, 
and placed on a diet consisting of 70 grams of protein, 150 grams of fat, 
and 100 grams of carbohydrate Two basal metabolism determina- 
tions w ere done on each patient on successive days The 24 hour basal 
calones were then calculated for both case 1, K L , and case 2, M L , 
from Sanford’s Tables for their height, weight, age se\, and basal 
metabohsm These determinations were followed by a glucose toler- 
ance test which was repeated at the conclusion of the low calone diet 
penods Daih weights were taken on each patient before breakfast 
clothed only in the standard hospital night-grown Specimens for 
blood hpoid determmations were drawn at the same time the first 
glucose tolerance test was done, 10 days later, and 30 days later 
Routine daily unnes were done Case 3, B B , was placed on four 
different tx'pes of diets The first was the usual senes of diets used 
by this hospital to determine the tolerance for glucose in diabetic 
patients, the second a defimte reduction diet, the third a high fat and 
high calone diet, and the fourth a maintenance diet Glucose toler- 
ance tests were done at the begmmng of the expenment and at its end 
Daily urines were examined dunng all penods except the second 
Onlj' one unne analysis was obtained at the end of this penod 
Changes m his weight were recorded at the end of each dietary penod 
Four blood hpoid determinations were made, two on separate un- 
controlled diets, one while on the high calone diet, and one while on 
the maintenance diet 


DATA. 

It wiU be seen from table 1, that case 1, K L and case 2, IM L , 
Mere placed on diets of 2030 calones The 24-hour basal calones of 
case 1, K L , were determined on successive days to be 1050 and 1090 
calones The 24-hour basal calones of case 2, jM L , v ere determined 
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on successive days to be 980 and 960 calones It is evident then that 
this diet i\as well above their mamtainence calones They remained 
on this diet for 6 days A shght mcrease in the firmness of the 
tumors and the depth of their color was noted No marked change 
m weight occurred For 8 davs following this they were placed on 
diets of 50 grams of protem, 80 grams of fat, and 50 grams of carbohy- 

T\BLE 1 


Theef^ectof various dicis on xanihoinalous lesions Casel K L ,andCase2 J/ L 


Dit« 

Diet 


Blood fat 

Effect on tomort 

1 ^ 

1 2 

1 ^ 
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1 
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1 d 
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1 J 
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^ ' 

, J 

1^ 








mm 

MXH 



fM 

tm 

cm 
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July 3-9 

70 
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|100* 
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531 

52 

1 383 
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Increased in hardness. 






531 
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Color deepened to 










orange yellow 

July 10-17 

50 
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1,172 

531 

52 

1,340 

l,3oh 

No change 


1 

1 



531 

521 




July 13-26 

40 

20' 

40*' 

500 

531 

511 
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521 

511 




July 27- 

35 

13 

39 

413 

52J] 

511 

1 183' 

1,030 

Beginning Involution 

August 0 





481 

481 




August 7-10 

Hoi 

ise di 

let 

?2,500- 

481 

48 ' 

1 


Increase in sue firm 





3 000 

55 

52l 



ness and depth of 










color of all turnon 


• Plus an unknown number of cnloricB obtained surreplltiously from other patients. 


(Irate with a total of 1120 calones No effect was observed on the 
tumors and no change occurred in the patients’ weight We felt that 
this chet was too near their mamtainence calones, even though they 
were up and about the ward, so they were placed on chets of 40 grams 
of protem, 20 grams of fat, and 40 grams of carbohydrate hawng a 
total of 500 calones Two hours of eXerase in the gymnasium was 
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done daily One day after the diet was begun it was found that both 
patients had been given peanuts by their family and that dunng their 
wandenngs about the ward, patients had given them candy, fruit, and 
food from the hospital trays The patients hence were stnctly con- 



Fig 2, 4 Fig 2, B 

Fig 2 (4) Case 1, K L , Showing the Si2e and Nodular Character of the 
Xanthomatous Lesion on the Right Elbow Before Treatment (B) 
Case 1 , K L , Showing the Decrease in Size and Flattening of the 
SxjKEACE of the Lesion After A Short Bekiod of Treatment 

fined to their rooms and for the first time a definite loss of weight oc- 
curred Nine days later their diets w^ere further reduced to 35 grams of 
protein, 13 grams of fat, and 39 grams of carbohydrate, having a total 
of 413 calones A rapid loss of weight occurred With the beginning 
of the weight loss there was also noted a definite softening of the 
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tumors The orange yellow color began to fade and a puik hue devel- 
oped (See fig 2 and 3 ) It will also be seen from table 1 that the 
blood hpoids nhich had formerly been high, now showed a defimte 
decrease 

Unfortunately at this pomt we were notified that the children could 
only remam m the hospital 5 days longer so the> n ere immediately 
put on house diets Their waght mcreased rapidly to a level greater 



Fig 3, 1 Fig 3,B 

Fig 3 Case 1, K. L , (t) Before Tbeatment anb (B) Atter Treatment 
Note the decrease in the size and fullness of the nodular eruption on the margins 
of the nght and left pophtcal spaces and the left heel 

than at their entrance The lesions agam became firm and the orange 
> eUow hue returned 

The unne examinations throughout the experiment were negative 
except for numerous fat droplets which disappeared while on the last 
low calone diet The glucose tolerance curves (see fig 4) from these 
paPents suggest an inabilitv to tolerate large amounts of glucose 
It wdU be seen from table 2 that case 3, B B , a mild diabetic, when 
placed on a senes of desuganzapon diets m which the fat was constant 
and the calones were increased by the addipon of glucose, expenenced 
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an involution of his tumors and a loss of weight This dietar}^ pro- 
cedure was followed by a diet consistmg of 50 grams of protem, 50 
grams of fat, and 200 grams of carbohydrate WTiile on this diet he 
lost 17 pounds in 30 days and his tumors continued to involute He 
was then placed on a diet high in calones and fat for 30 days This 
diet consisted of 55 grams of protan, 210 grams of fat, and 300 grams 

MSS 

iooccfi 

4S0 



60 

T 1 Z Z Hovrs 

Fig 4 The Typical Diabetic IXtoleraece for Glucose of Case 3, B B 
AND THE Atypical Curt’es of Cases 1, K L , and 2, AI L , Are 
Shown in This Figure 

of carbohydrate vath a total of 3310 calones Dunng this penod he 
gained 8 pounds weight and had a reappearance of all his tumors He 
also had a gtycosuna and acetonuna Folloiraig this he was given a 
mamtainence diet consisting of 55 grams of protem, 210 grams of fat 
and 100 grams of carboh}drate vath a total of 2510 calones It will 
be noted that the fat of this diet is the same as the former diet but the 



A C CURTIS, U J WILE AITO H C ECKSTEIN 257 

TABLE 2 


Effed oj dtris high in caJona and lav in calorics on xanthomafous Itswns Case 3,B B 
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55 
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35 
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3 
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55 
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30 
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Gam of 8 pounds 

2,416 
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TVDLE 3 


Injluencc of fat on blood lipoids 


1 

1 

Blood fai 

1 

iDCrease 

Patient B B case 3 


per too u 
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2 300 


2 hours after 100 cc, of olive oU 

2 630 

14 
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16 
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2 337 

2 

Patient S, normal blood fat 

Fasting 
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37 
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1 
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THE SURFACE TENSION OF BLOOD SERUM, AND THE 
DETERMINATION OF THE SURFACE TENSION OF 
BIOLOGICAL FLUIDS 

By HENRY N HARKINS itKD "WIUJAM D HARKINS 
{From the Bepartmoit of Chtmuiryf Vnncrtiiy of Chicago Chicago) 

(Rccdved for pubHoiUon JanuftiY 4, 1929) 

INTRODOCnON 

This investigation was undertaken in order to obtain a more exact 
knowledge of the surface tension of undiluted blood serum, and its 
vanation under various chmcal conditions, than is given bv the work 
reported earher by others (1-12) It was found that practically aU 
previous mvestigators have made errors m the experimental procedure 
or m the calculation of their results, usually in both, of such a high 
magnitude as to make their data almost entirely worthless Thus a 
new field is opened up for future investigation 
The mean value obtained for the surface tension of undiluted normal 
blood serum is 52 dynes per centimeter at 20” and 48 dynes at 37”C 
The result at the higher temperature agrees moderately well with the 
mean value found by Morgan and Woodward (7), but it is known that 
the method by which their results were calculated gives values which 
are too low The average of all of their values at 37” is 45 5 while 
the average of all of our results is 46 2 However, their work repre- 
sents a great forward step, as it is of a much higher degree of accuracy 
than that of any of the other earher investigators Almost all of the 
values obtamed by others are of an altogether different order of magni- 
tude, smce they are from 10 to 20 dynes too high 
The worthlessness of much of the work is due to an altogether m- 
correct assumption, which is that if only relative values are desired no 
attention needs to be paid to the theory of the method used Thus 
the method m which the number of drops given by a certam volume 
of the hqmd with a certam tip (drop number method) is supposed to 
be mverscly proportional to the surface tension, is practically useless, 
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SURFACE TENSION OF BIOLOGICAL FLUIDS 


AS IS the ring method as commonly used The determination of 
capillary height is the most accurate of all known methods for 
determination of the surface tension of pure hqmds which are not 
VISCOUS When used with blood serum, and with most other biolog 
hqmds, it has, however, the disadvantage that the film at the suri 
often prevents the attainment of capillary-hydrostatic equihbn 
and It may affect the angle of contact The bubble pressure met' 
suffers from the disadvantage that as usually applied the expenmei 
procedure does not agree with the conditions set up by the theor] 
the method A much greater disadvantage is that it is difficult 
almost impossible to hold the bubble at its maximum pressure 
the considerable tune necessary to estabhsh equihbnum between 
mtenor of the serum and its surface 

A careful consideration of all of the available methods seemed 
mdicate that the best results for such hquids may be obtamed 
the special modification of the drop weight method descnbed latei 
the paper The drop weight method avoids difficulties which rel 
to the angle of contact and the measurements are much less affec 
by the surface viscosity than when the capillary height method is us 

THE DROP -HEIGHT APPARATUS FOR THE DETERMINATION OF SURFjI 
TENSION OF BLOOD SERUM AND OTHER BIOLOGICAL LIQUIDS 

The apparatus used for the determmation of the surface tensi 
of blood serum is a modified form of the drop weight apparatus 
Harkms and Brown (13), which resembles m general design that 
Morgan (14) 

The apparatus (fig 1) consists essentially of an mverted capilla 
U-tube, suspended in a metal box (B), which is provided with gk 
wmdows m front of and back of the tip from which the drop of sere 
IS suspended One limb of this mverted U-tube dips mto a reservi 
(S) of the serum The other hmb ends m the tip which is held by 
stopper of glass or metal in the weighing bottle (F), in which the dro; 
are collected as they fall 

Each drop is pulled over, until it attams the maximum size consis 
ent with stabihty, by the action of suction applied thrbugh the met 
tube (A), and the drop is held at this maximum extension for sev< 
minutes before it is allowed to fall 




Fic 1 Apparatus roR THE DETERiONATiON or THE SuRPACE Tension OF Blood 
Seruii and Other Biological Liquids by the Drop Weight ^Iethod 
V, waghing bottle under tip for collecting drops, Sf reservoir for serum, KCR^ 
rod for controlling the speed of drop formation, P, raci and pimon for adjusting 
hel^t of rod R, F, tube for saturating serum with alveolar an, suction tube, 
andBjboxforkeeplngoutvraterof thennostat. The tip of pyrei glass Isdrcular 
and shows no flaws in its edge under a magnification of 20 X The bottom of the 
tip IS first ground off plane Then a circular piece of glass of the same diameter 
as the tip IS sealed over it bj means of de KhoUnsky cement The sides of the 
tip arc then ground down to the required diameter in a precision lathe The tip 
IS rotated m one direction, and It is ground b> a high speed, very fine, disc of car 
borundum, which rotates in the opposite direction and is finally given a high 
polish b> means of rouge. WTien the cement is melted a tip ground properly in 
this way is found to be circular and perfectly sharp Eight different diameters 
of the tip are measured to 0 0001 cm each 


265 


264 


SUIUFACE TENSION OE BIOLOGICAL ELLTIDS 


as IS the nng method as commonly used The determination of the 
capillary height is the most accurate of all knoum methods for the 
determination of the surface tension of pure hquids which are not too 
viscous When used with blood serum, and with most other biological 
hqmds, it has, however, the disadvantage that the film at the surface 
often prevents the attainment of capillary-hydrostatic equilibrium 
and it may affect the angle of contact The bubble pressure method 
suffers from the disadvantage that as usually apphed the experimental 
procedure does not agree with the conditions set up by the theory of 
the method A much greater disadvantage is that it is difficult or 
almost impossible to hold the bubble at its maximum pressure for 
the considerable tune necessary to establish equihbnum between the 
intenor of the serum and its surface 

A careful consideration of all of the available methods seemed to 
indicate that the best results for such hqmds may be obtained by 
the special modification of the drop weight method descnbed later in 
the paper The drop weight method avoids difficulties which relate 
to the angle of contact and the measurements are much less affected 
by the surface viscosity than when the capillary height method is used 

THE DROP VTEIGHT APPARATUS POR THE DETERMINATION OF SURFACE 
TENSION OF BLOOD SERUM AND OTHER BIOLOGICAL LIQUIDS 

The apparatus used for the detemunation of the surface tension 
of blood serum is a modified form of the drop weight apparatus of 
Harkms and Brown (13), which resembles m general design that of 
Morgan (14) 

The apparatus (fig 1) consists essentially of an inverted capdlary 
XJ-tube, suspended in a metal box {B), which is provided with glass 
wmdows m front of and back of the tip from which the drop of serum 
is suspended One hmb of this mverted U-tube dips into a reservoir 
{S) of the serum The other hmb ends in the tip which is held by a 
stopper of glass or metal m the weighmg bottle (V), in vhich the drops 
are collected as they fall 

Each drop is pulled over, until it attains the maximum size consist- 
ent with stabihty, by the action of suction applied thrbugh the metal 
tube (A), and the drop is held at this maximum extension for seven 
minutes before it is allowed to fall 




Fio 1 Apparatus for the Determination of the Surface Tension of Blood 
Serum and Other. BiotooicAL Liquids by the Drop Weight Method 
1'', weighing bottle under tip for collecting drops, S, reservoir for serum, KCR^ 
rod for controlling the speed o[ drop formation, P, rack and pinion for adjusting 
height of rod R, F, tube for saturating serum with alveolar an, A, sucUon tube, 
and B, box for keeping out water of thermostat The Up of p>Tex glass is arcular 
and shows no flaws in its edge under a magnification of 20 X The bottom of the 
tip is first ground off plane Then a circular piece of ^ass of the same diameter 
as the tip IS scaled over it b) means of de Khotinsky cement The sides of the 
tip are then ground down to the required diameter In a precision lathe The tip 
is rotated m one direction, and it is ground by a high speed, ver> fine, disc of car- 
borundum, which rotates in the opposite direction and Is finalli given a high 
polish b> means of rouge ^^^^en the cement is melted a tip ground propedy m 
this wa> IS found to be areolar and perfect!) sharp Eight different diameters 
of the tip are measured to 0 0001 cm each 
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The glass tube {F) is used for the aeration of the serum with alveol 
air, as descnbed in the section on aeration, or with another gas 
Dunng a determination the metal box (B) is kept entirely immers( 
m the water of a thermostat at the proper temperature ±0 01° 

It IS extremely important that the serum m (S) be adjusted to t] 
level requisite to hold the drop at exactly full extension for the sevi 
minute penod This is done by means of the rod (R), which contrc 
the level of the reservoir (S) For the work descnbed in the prese: 
paper this level was adjusted by hand, and the dehcate control 
the drop was effected by properly varying the suction apphed at {A 
However, the difficulty of controUing the drop in this way led to t 
method of control descnbed in the next paragraph 

CONTROL OF THE DROP AND VAEIATION OF THE DROP IVEIGHT WITH TB 

Biological hquids contain in general surface-active substances, ai 
the surface whose tension is being measured must be kept fully formi 
suffiaently long to allow equihbnum between the surface and tl 
intenor of the hquid to be attamed With aqueous solutions 
decyhc acid the rmmmum penod of full extension is more than thir 
mmutes With blood serum the surface tension falls for sever 
mmutes, and nses agam if the surface becomes older than about sevi 
mmutes This actual or apparent increase may be due to the form 
tion of a solid film which does not represent a true condition of equi 
bnum with the intenor of the liquid 

A delicate adjustment of the pressure in the drop, which deterrain 
its extension, is obtained by suspending the rod (R) from the bar (j 
which IS raised and lowered by a racket and pinion For this purpo 
a microscope stand with a coarse and fine adjustment is ideal 

The “full extension of the drop" can be determined only by tni 
The telescope of a cathetometer is levelled and the height of tl 
telescope is so adjusted that the honzontal cross hair and the bottom 
the drop at full extension appear coincident The level of the seni 
m (5') IS so adjusted that the bottom of the drop will remain at th 
level for the desired penod (of seven minutes) Several tnals a 
necessarj^, even with the expenenced wnrker A common error is 
consider that the level of full extension lies higher than is actual 
the case To avoid this the level of the cross hair is lowered slightl 
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and an endeavor is made to adjust the level of the bottle (S) m such 
a way that the drop will not fall If this is possible, the preceding 
level was too high 

An error in the opposite direction is apt to anse due to the decrease 
of the surface tension as the surface active substance diffuses into the 
surface from the body of the hqiud The length of the drop at “full 
extension” for the higher surface tension is greater than that for the 
lowest, or cquilibnum tension This makes it necessary, if a seven 
minute period is to be allowed, to determine the full extension at the 
end of this penod 


TABLE 1 

Comparison of lAc sotithtt of drop ktU ai almost fnU extension for seven minutes 
and those held for a shorter penod 




Drop wtlxhl 

Tlrac 

Drop woifht 


miuttiei 

1 

ai/»M tt 


D 

i 

0 06260 

7 

0 05393 

F 

11 

0 06070 

7 

0 05520 

r 



7 

0 05440 

s 

1 

0 05510 


0 04770 

s 



1 7 

0 04780 

s 

1 

0 05860 

7 

0 04932 


The tip used In the work m this and later tables on patients D to K inciusn e has n 
diameter of 0 S944 cm The tip used on all other patients has a diameter of 0.5000 cm 


It should be kept in mind that what is called full extension of the 
drop does not correspond to the greatest length which the drop may 
have, but to the greatest length which it may have without becommg 
unstable Almost immediately after the drop becomes unstable, the 
neck of the drop narrows with great rapidity, that is, the drop pinches 
off by a lateral movement of its upper surface (fig 2) 

It w as found that the use of a penod of about seven minutes gave 
the minimum drop weight If held longer than seven minutes, the 
drop weight seems to rise again, but this nsc is probably due to the 
formation of a solid film Thus, a sample which gaxe a drop weight 
of 0 05742 for a set of drops each held for a penod of from 4 to 8 
minutes, gave a drop weight of 0 05790 for a drop held twenty-one 
minutes Table 1 shows a comparison between drops held seven 
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minutes and those held a shorter tune Smce the tune used to obtam 
a smgle drop is seven minutes, it was considered advisable to use only 
2 to 3 drops per determination It may be noted that Morgan and 
Woodward used only a single drop 

CALCULATION OF THE SURFACE TENSION 

The surface tension (t1 is not, as is often assumed, proportional to 
the waght of the drop when a single tip is used, but it may be cal- 
culated very easily from the following equation 



in which ill IS the weight in gyams of the drop which falls (as weighed 

TABLE 1 

Drop-vttikl surfau Unsion corrediom 


(Factor for multiplication F ) Based on the value 72 75 as the surface tension of 
Tvater at 20^C ^ is the radius of the Up 


V 

Ri 

F 

V 

"F* 

F 

(«) 

0 159 

2 637 

0 26224 

5000 0 

0 172 

2 3414 

0 26350 

250 0 

0 198 

2 0929 

0 26452 

58 1 

0 215 

1 8839 

0 26522 

24 6 

0 22561 

1 7062 

0 26562 

17 1 

0 23051 

1 5545 

0 26566 

13 28 

0 23522 

1 4235 

0 26544 

10 29 

0 23976 

1 3096 

0 2649= 

8 190 

0 24398 

1 2109 

0 26407 

0 692 

0 24786 

1 124 

0 26324 

5 522 

0 25135 

1 048 

0 2617 

4 653 

0 25419 

0 980 

0 2602 

3 975 

0 25661 

0 912 

0 2585 

3 433 

0 25874 

0 865 

0 2570 

2 995 

0 26065 




m the gas or vapor m which it was suspended), g is the gravitational 
attraction, and R is the radius of the arcular face of the tip 
The values of F have been detemuned by Harkins and Brown, and 
are given m table 2, in which V represents the volume of the drop 

which falls, and F ^ m which p is the density of the hquid 
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METHOD AND RESULTS 

A large part of the work consisted in evolving a method which 
would give constant results The data which were obtained by the 
procedure finally chosen will be discussed in the next section The 
preliminary steps m the method are listed below 

TABLE 3A 

The surface tenston of the serum falls io a more or less coitslant value tn the first few hours 

after procuring the blood 

Time after procur 
ing blood 

minutes 
80 
150 
180 

75 
105 
210 

240 
270 

75 
105 
240 

165 
405 
435 

465 
510 

Note The centnfugmg was done about twenty minutes before the first determination 
recorded m each case, the blood bemg kept sealed until the centrifuging In cases N and 
O no centnfugmg was necessary 

1 Procuring the blood About 10 to 20 cc of blood is taken from 
the median cubital vein of either arm by means of a hypodermic 
syringe The synnge must be dry smce water, ether, and similar 
substances cause hemolysis and there is a possibility that hemoglobin 
m solution may affect some of the measurements involved 


Drop weight 


0 05035 
0 04988 
0 04920 

0 05147 
0 04942 
0 04957 

0 05170 
0 05145 

0 04865 
0 04808 
0 04832 

0 05210 
0 04775 
0 04760 

0 04770 
0 04780 
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2 SeaUng the tube If the detemunations cannot be made imme- 
diately, the blood should be sealed m a tube which it almost fills, so 
as to be m contact with as httle air as possible The tube may be 
stoppered with a paraffined cotton plug but is preferably sealed by 
the use of a mmute flame If the latter method is used, the tube 
should be drawn out to a fine pomt at one end before introducmg the 
blood Then only a shght heatmg will finish the seal It is weU not 


TABLE 3B 

Tit tension of lam/ila of terum kepi for oarycni periods of lime {sealed, at I"C) 

before cenlrifufing 


I^Uent 

First 
dstennlas 
tkm drop 

irHtbt 

iDterral 

Secood 
determ bw 
tion drop 
widefat 

Interval | 

Ttfrd 

detertohta 

licm 



dayt 


itys 1 


jt 

0 OJ920 

1 

0 04S75 

2 

0 04788 

N 

0 (M941 

1 

0 04900 

1 ^ ' 

0 05000 

0 

0 05145 

4 

0 05235 

3 

0 04860 

r 

0 04808 

1 

0 04860 



Q 

0 01810 

1 

0 04848 



s 

0 04770 

1 

1 

0 04932 

1 




TABLE JC 


Tke losoertnt of Ike surface tension of serum on standing for seoerat days 


PsUent 1 

First deter- i 
ndnation drap 1 
wei*ht j 

Interral 

Secood deter 
mlnatloa drop 
weight 



ityt 


D 

0 06509 1 

4 

0 06260 

F 

1 0 05742 1 

! 1 

2 

0 05510 


to have the blood come quite to the end of the tube m this case, as 
it IS difficult to seal glass covered with blood 
J The interval behiecn the procuring of the blood and the observations 
The mterval between the procunng of the blood and the determination 
has been observed to be of the greatest import. In general, other 
things bemg equal, seveml types of vanation with time occur These 
mil be discussed in order 

a If the blood is centrifuged immediately, and the determihations 
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made at once, it is obsen^ed that the surface tension decreases rapidly 
within the first few hours to a more or less constant value This is 
demonstrated by table 3A which gives all the data that concern this 
phenomenon 

b If the blood is kept sealed, without centrifuging for several days, 
there is no defimte change in the surface tension This is determined 
by sealmg several different portions of the same sample of blood in 
separate tubes, and openmg, centnfugmg, and findmg the surface 
tension of the serum from one tube each day Table 3B shows that 
the surface tension of a serum may increase or decrease or vary 
irregularly with the tune the separate samples are kept 
c After being centrifuged, the surface tension of serum decreases 
gradually over a penod of days as is seen m table 3C 
d If blood is kept for several days m a sealed tube and then centn- 
fuged, It exhibits a rapid decrease m surface tension to a more or less 
constant value dunng the first few hours, which decrease is usually 
not as large as that observed m (o) This is shown m table 4 

4 Chamng the apparatus The apparatus is cleaned by sucking 
water through it immediately after the completion of the day’s work 
The serum should not be allowed to dry on the apparatus, nor should 
it be cleaned with alcohol, ether, or cleanmg mixture as these reagents 
precipitate the protems m the serum and clog the capillary 

5 Determinations of density and refractive index The density was 
determmed by the Hammerschlag method (15), and the refractive 
mdexwas determmed by the use of a Bauschand Lomb Abb6 Refrac- 
tometer 

6 The aeration of the serum Alveolar air is blown through a long 
coiled tube immersed m the thermostat and into the serum through 
the tube mentioned above This tube is first carefully flushed out 
with alveolar air from the experimenter’s lungs before immersing the 
lower end of the short tube in the serum When the tube is well 
flushed out, the distal end is dipped mto the serum and alveolar air 
bubbled through for some time This is done to secure equihbnum 
between the serum and a gas of constant composition approachmg as 
nearly as possible that m the lungs Saturation with alveolar air 
causes varjmg effects depending on the previous condition of the 
serum In general the surface tension is lowered as is seen in table 5 
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TABLE < 

The xurface ttnston of blood serum kept at 5 C for several days 


Note that the tension fallfl to a more or less constant value in the first few hours after 
centrifuging 


Pitknt 

Ate of btood before 
ceotriiOfiaf 

Drop weight 


dayj 


( 

4 

0 05130 

I 

4 

0 04960 

If S 

4 

0 05052 

1 

4 

0 04950 

I 

2 

0 04870 

c 

2 

0 04950 

1 

2 

0 05000 


1 

0 04830 


1 

0 04925 

M 

3 

0 04787 


3 

0 04816 


3 

0 04763 


1 

0 05040 


1 

0 04820 

N 

1 

0 04975 


1 

0 04896 


4 1 

0 04920 


4 

0 05080 


4 

0 05513 


4 

0 05485 


4 

0 05300 


4 

0 05285 

0 ji 

4 

0 05235 


7 

0 05395 


7 

0 05105 


7 

0 04860 

p (l 

1 

0 04915 

1 

1 

0 04860 

Q ( 

1 

0 04S52 

1 

1 

0 04815 


* For each sample the detcrmlmitlons are listed In order and were performed at one-half 
hour bter\’aU. 
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THE TEMPERATURE COEFFICIENT 

Due to the fact that many of the determinations were made at the 
PresbjUenan Hospital where there is no thermostat, it was necessary 
to determine the temperature coefiBaent of the surface tension of 
serum These observations were made on the blood of Patient S, 
an almost normal subject The results obtamed at four temperatures 
from 10° to 37°C are exhibited m table 6 


TABLE 5 

Effect of aeration -d,tlh alveolar air upon the surface tension of the scrum 

Patient D 


Drop weight before aeration | 

Drop weight after aeration 

0 06787 

0 06509 

0 06743 

0 06574 


TABLE 6 

The temperature coefficient of serum surface tension 


Tempetatuie 

Drop weight 

Suriate tension 

°C 



10 

0 05340 

54 26 

20 

0 04932 

50 35 

30 

0 04645 

47 58 

37 

0 04505 

46 22 


PATHOLOGICAL VARIATIONS 

The results are not of such a nature that any defimte conclusions 
can be drawn as to a lowermg or raismg of the surface tension as a 
result of any pathological condition Many of the cases had several 
pathological factors, any one of which might have altered the surface 
tension Furthermore the work of Bnnkman (8) on oxalated plasma 
and of Zunz (9) on serum indicates that the surface tension is higher in 
women than in men Until these results are confirmed or disproved, 
it would be best to allow a margin of error m companng the serum 
surface tension of men and women 

The results m relation to the pathology of the different patients 
are shown m table 7 In most cases the corresponding density and 
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refractive index are given It is apparent that no two sets of these 
results run perfectly parallel The surface tension is observed to be 

TABLE 7 

Tke surface tension of blood serum as related h Ote patMoty of the poUentsfrom 
tehom the Uood vas obtained 

Temperatiare — 20*C 


Patient 

Dbftkinb 

Surface 
, tenakm 

Refractive 

fcricT 


I 

Normal 

53 55 


56 

j 

Normal 

51 01 


2 

K 

Normal 

1 51 02 

1 

2 

L 

Diabetes 

33 93 



M 

General paresis, given typhoid treatment for 
syphilis few dajrs before, collapsed after *pi 
nal puncture clscirhere male, 36 years 

50 41 

20 

1 42 

M 

A week later 

1 49 71 

38 

44 

c 

1 

Chrome Interstitial nephrltia, axtcnal hyper 
tension, 7 successful pregnonoes, bad ver 
tlgo albumin, epUtaxid, strobe m Novcm 
ber 1925 good renal efficiency, female, 40 
years 

30 43 

8 

20 

N 

Parenchymatous nepbritU hemoglobin of 
28 per cent, red blood cells of 2 500 000 
female, 40 years 

30 52 

3 

25 

0 

Sciatica chrome sacroiliac arthritis, chronic 
tonsUiUs, female, 42 years 

51 77 

16 

33 

p 

Paroxysmal tachycardia of migraine, acute 
cold, male 40 years | 

49 37 

! 

15 

32 

Q 

Trigone cystitis, cell* In kidney unnes, bad 1 

cold, colored male 45 years j 

49 37 I 

27 

53 

R 

ParenchjTTiatous nephritis, myocarditis, fat, j 

female 39 years 

48 70 

16 

28 

s 

Bad case of influenxa three weeks before 
Wossermon-f- + 4- 6yentsago negative 
aincc, anemia, male, 48 years 

49 57 

0 

1 

8 


* For snnpllaty the refractive Index tabulated above is the number of ten thousandthi 
the refractive index exceeds U90 

t Simllarlyj the denntlea are eipcesied aa ten thousandths above 1 0222 the lovrest 
value. 

low m the cases just recovering from influenza, and m neither of the 
two cases suffering from parenchymatous nephritis, both of whom 
are women, is the surface tension quite as high as the average This 
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latter result would tend to agree somewhat with the results of Clausen 
(10) But as Clausen gives no data in support of his conclusion, it is 
not known how much lowenng of surface tension was obtamed in 
parenchymatous nephntis The high value of tension in the single 
diabetic case is interesting 


THE KING METHOD FOR THE DETERMINATION OF THE SURFACE TENSION 

OF BLOOD SERUM 

The ring method has been used m an enormous number of the 
determinations of surface tension earned out with blood serum or 
solutions of blood serum m water In nearly all cases the results 
obtamed are almost valueless, smee errors of 20 per cent are not 
uncommon Such results are m general mcorrect from even the 
relative standpomt, since the errors are highly vanable 

1 The calcttlaiion of the surface tension The most common error in 
the use of the nng method is that made in the calculation of the surface 
tension The surface tension is calculated from the pull exerted by 
the surface of the hqmd on a circular nng (of radius i?) of circular 
wire (of radius r) What is usually determined is the maximum pull 
(IF) on the nng as determmed by a torsion balance, or better by the 
proper type of analytical or assay balance This pud is obtamed by 
aUowmg the horizontal rmg to come mto contact with the surface 
and then lowenng the hqmd or raismg the balance until the film of 
hqmd upheld by the nng is ruptured It is customary to consider 
the maximum pull (F) per centimeter of surface attached to the wire 
to be defined by the equation 




(1) 


It IS obiaous that the surface tension (7) is given by the identity 


7 = P — or y = PF 


( 2 ) 


In order that equation (2) may be used for the calculation of the 
surface tension of the liquid the values of the ratio or t') must be 


/ 


known These values might have been calculated from theory, but 
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this has not as yet been done The values of this ratio were deter- 
mined by Harkins, Young and Cheng (16), and more carefully later 
by Harkins and Jordan (17) The values of this fraction as now 
known seem to be accurate to within 0 3 per cent, which gives consider- 
able accuracy to the ring method, though it is still less accurate than 
the drop weight method under the best conditions (error 0 1 per cent) 
The values of the correction factor F of the equation 


are given m table 8 These correction factors are vahd only if the 
ratio of the radius of the nng (R) to that of the wire (r) is 40, which 
IS the ratio most commonly used 

TABLE s 

Values of the corruthn fattor (F) of the rtttg rtethod {Barhus and Jordan) for a nng in 
xehich R ^ 0 6366 cm ^ r 001570 cm and R/r 60 J 5 


(This fa the »i« of nng most generally u-ed) 


V 

■,/r 

0 41 

0 m 

0 5 

0 973 

0 6 

0 P54 

0 7 

0 938 

0 8 

0 925 

0 9 

0 914 

1 0 

0 905 

1 1 

0 898 

1 2 

0 892 


The correction factor (fj is a function of -p m which V is the volume 

of hqmd hfted by the puU (HO of the ring above the level of the plane 
portion of the suffiaently large surface of the hqmd, so 


r - 


Hi 

p 


(4) 


m which p IS the density of the hqmd 
In order to determine the surface tension the value of the total 
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pull (IF) IS first deterromed by the balance From this (P) is cal- 
culated by substitutmg the mean radius (P) of the rmg in 
equation fl), and the volume (F) is calculated from equation 

(4) The value of — is then calculated, and from this the value of 



Fig 3 Correction Cuara for the Deterhination of the Surface Tension 
OF A Liquid by the Ring IMethod 

Ordinates = values of F Abscissae = values of i?’/F The curves beginning 
at the bottom represent nngs for which the values of the radius (R) of the nng, 
divided bv the radius (r) of the wire are respectively 13 85, 30, 40, 50, 60, and 80 
R IS in centimeters 

T, surface tension , P, tYg/47rP, R, radius of rmg, r, radius of mre, V, \olume of 
hquid suspended by the upward pull of the nng 

IS obtained by table 8 From this the surface tension 7 is obtained 
by equation (3) Any simpler general method gives mcorrect results 
The value of the correction factor (P) vanes also with the value of the 

■n 

ratio — as shown by figure 3 Table 8 gives the correction factors 


1 
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which correspond with the fourth curve from the top Any number of 
rings whose correction factors he on this single curve may be used 
the only condition is that the radius of the nng shall be 40 tunes the 
radius of the wire, and that the nng shall be circular, plane, and, when 
suspended, perfectlj honaontal 

2 Area of tlie surface The area of the surface of the hqmd from 
which the nng is pulled should be large enough to meet the following 
condition just before the detachment of the nng there must be an 
annular nng of surface, completely around the nng of wire, m whiqh 
the hqmd surface is plane The larger the nng of wire, the larger 
the total surface should be The form of surface which is most 
economical of hqmd is that of a circle, and for small nngs this should 
be about 7 cm m diameter 

3 Surface Icnstoit and time What is commonly designated as the 
surface tension of a hqmd is the eqmUbnum value It has been seen 
(page 267) that the tune necessary to obtam equdibnum with undi- 
luted blood serum is about seven minutes With diluted serum this 
time may be more than an hour 

The surface tension of blood serum cannot be obtamed by allowmg 
the serum to stand m a vessel for the time given above (seven mmutes 
for undiluted serum) and then pulhng the nng from the surface The 
correct procedure is as follows blood serum is placed m the vessel 
and as qmcLly as possible the nng is placed in contact with its surface 
and at once the nng is lifted to just that distance above the serum, 
which at the end of the correct mterval to give complete adsorption 
(seven minutes for undiluted serum), corresponds with the beginning 
of instability In other words the surface must be fuUv extended 
miUally and allowed to break wnthout further extension at the end 
of the proper penod 

In order that this may be done prelunmary tnals should be made 
to detenmne the proper extension, or different extensions may be 
apphed and the pull (IlO plotted against the time (() of the rupture 

4 Adjtislmem of the ring It has been shown by Harkins and 
Jordan (17) that it is essential to adjust the nng m such a way that 
when It hangs from the balance its plane shall be horizontal This 
has been done by obtaming the image of the nng in a plane horizontal 
mirror of gold or sih er placed just below it 
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SURF'^CE TENSION OF BIOLOGICAL FLUIDS 


suamARY 

1 The surface tension of normal blood serum is found to be about 
52 d3Ties per centimeter at 20°C , and 48 dynes at 37°, and the surface 
tensions under certam pathological conditions have been determined 
On the whole the values are lower than for normal serum The pur- 
pose of the work of the paper has been to develop proper methods for 
the determination of the surface tension of biological hquids, rather 
than to secure a large number of data 

2 The worthlessness of the earher work on the surface tension of 
blood serum is found to be due to {a) failure to obtain equilibnum 
conditions, or (b) improper methods of calculation 

3 An apparatus for the determination of the surface tension of 
biological hqmds by the drop weight method has been developed, 
together with a new method for the control of the drop m such a way 
as to give accurate results 

4 The methods used in procunng the blood and m seahng up the 
serum are descnbed 

5 The effects upon the surface tension of the time, before and after 
centnfugmg, have been investigated 

6 Saturation of the serum with alveolar an at 20°C is found to 
lower the surface tension by about 2 dynes 

7 Correction tables for the calculation of the surface tension by (a) 
the drop weight method, and (6) the nng method, are given The 
almost universal failure to use these corrections has caused earlier 
work to be of httle value 

8 A method is given for the use of the ring method m the determi- 
nation of the surface tension of biological hquids The conclusion is 
reached that the drop weight method is somewhat superior to the ring 
method for such a purpose when both are properly used 

The wnters wish to thank Drs Wilber E Post and WiUiam A 
Thomas for suggestmg this problem and for advice concerning it 
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BLOOD VOLUME PRECEDING AND FOLLOWING 
SPLENECTOMY IN HEMOLYTIC ICTERUS 
AND SPLENIC ANEMIA' 

Bv HERBERT Z GIFFIN akb GEORGE K BROWN 
With the Techsicai. Assistance or Giace M Roth 
(From the Dhiston of IFtdichtt Tht iiayo Clinic, Rochester') 

(Received lot poblicatlon December 26 1928) 

Very little investigative work has been published concerning the 
relationship of the spleen to blood volume Baicioft, Harris, Ora- 
hovats, and Weiss allot to the spleen a function that correlates well 
with Its anatomic structure They demonstrated that the spleen 
acts as a reservoir m the normal resting anunal, and that blood is 
expressed into the general circulation as a result of stimulation to a 
need for oxygen The presence of a storage function is further demon- 

strated by the observation that carboiyhemoglobin disappears less 
rapidlyfromthespleen than from thegeneral circulation, indicating that 
hemoglobin is, under normal conditions, stored in the spleen These 
workers demonstrated the greater susceptibihty of the splenectomized 
animal to carbon monoxide mtoxication Cruickshank’s experiments 
on the cat mdicate that the capaaty of the spleen is from 2 to 5 per 
cent of the blood volume when calculated by fluctuations m hemo 
globin and m changes in the volume of the spleen 
Observations concerning the spleen and splenectomy m relation to 
blood volume m man have not been found m the hterature The 
studies earned out previously have dealt largely with vanations in 
the concentration of the erjihrocytes and the hemoglobin, the mor- 
phology, and the chemistry of the blood We know that splenectomy 
IS curative in certain diseases and markedly benefiaal m others, and 
definitely unton ard effects attnbutable to splenectomy have not been 
observed in man, although there has been some question as to whether 
a factor of safety is removed by this operation 

' Read b} title at the meeting of the American Soaetj for Clmical InvesUga 
tion, Washington, D C , April 28, 1928 
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BLOOD VOLTOIE F0LL0W7NG SPLENTSCTOilY 


Our study "^as undertaken to determine (1) the blood volume and 
plasma volume m patients suffenng from certain diseases associated 
vnth splenomegaly, (2) the effects of splenectomy on the blood and 
plasma volume, and (3) whether in certain forms of splenomegaly 
the anemia is apparent rather than actual The cases selected for 
this study fall into four groups 

number of C(ues 


1 Normal subjects 74 

2 Primary splenomegaly without anemia 

Precedmg splenectomy 5 

Following splenectomy 4 

3 Hemoljhic icterus 

Preceding splenectomy 11 

Followmg splenectomy 9 

4 Splemc anemia 

Precedmg splenectomy 18 

Followmg splenectomy 7 


The dye method was used to determine the blood volume and plasma 
volume Congo-red was employed and three to four minutes allowed 
for the mixing time Detemunations were made imder restmg condi- 
tions without breakfast (8) 

It has been shown m anemia that with a decrease m the hemoglobin 
and cell volume there is usually an increase m plasma volume This 
IS doubtless a compensatory phenomenon designed to mamtain an 
adequate volume of arculatmg blood The increase of plasma vanes 
in different forms of anenua, according to Rowntree and Brown, it is 
absent or slight in the anemia of glomerulonephntis with edema and 
in the anemia associated with mjTcedema and Addison’s disease 
In this connection we have employed the term “replacement index” 
to represent the ratio of the percentage increase in plasma to the 
percentage decrease in cell volume 

For example, if the plasma volume is 61 cc for each kilogram 
(normal 51 2 cc ) there would be an increase of 9 8 cc (19 per cent) 
If the cell volume is 21 cc for each kilogram (normal 36 5 cc ) there 
nould be a decrease of 15 5 cc (42 per cent) The ratio is 7 ? = 0 45, 
the replacement index is 45 This indicates roughly that for every 
100 cc loss m cell volume there is approximately an increase of 45 
cc in plasma 
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NORilAI. SDBJECXS 

Dreyer and Ray have maintained that blood volume is a function 
of surface area rather than of body weight We have, therefore, 
expressed our data according to both surface area and body weight 
and the statistical treatment of these data has shown a shghtly 
higher correlation of volume to surface area then to body weight in 
normally buht subjects 

The results obtamed m seventy four normal adult subjects (forty- 
nme males and twenty five females) have been reported by Rowntree 
and Brown The ages vaned from seventeen to sixty- three years 
The mean weight was 65 9 tgm The mean value for the blood volume 
for each kilogram of body weight was 87 7 cc (with a range of from 
70 to 100 cc m 98 per cent of the cases) The mean value for the 
plasma volume was 51 2 cc. (with a range of from 42 to 60 cc ) The 
mean value for the cell volume was 36 5 cc for each kilogram The 
mean value for the blood volume for each square meter of surface 
area was 3278 cc For the plasma volume it was 1920 cc for each 
square meter of surface area The mean value lor arculating hemo 
globin was 13 8 grams for each kilogram of body weight, or 508 grams 
for each square meter of surface area The cells by hematocnt were 
41 per cent* b> the dry oxalate method, and the hemoglobin for each 
100 cc was 15 7 grams These values closely approximate those 
obtamed by Keith, Rowntree and Geraghty in their ongmal report 
based on eighteen subjects Many of the normal subjects vaned 
considerably from the accepted average weight for height and age, 
but could not be classified as underweight or obese When a classi- 
fication of this group was made on the basis of a 10 per cent vanabon 
above or below the average standard for height and age, the mean 
salues for the blood volume and plasma volume were only shghtly 
different. 

PRIltARV SPLENOMEGALY WITHOUT ANEMIA 

Cases of pnmary splenomegaly mthout anemia, when all etiologic 
factors have been excluded, such as syphilis, malana, hemoljdic icterus, 

* In Eubseqnent work it has been found that hematocnt wdues obtained by the 
dn oxalate method should be corrected bj the addition of 3 4 per cent There 
fore, 41 per cent, as used here, should read 44 4 per rent 
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Splenomegaly withoul definite anemia blood volume preceding and following splenectomy 
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Ciscs m wludi estimations were made following splenectomy In case 6 the estimation was not made preceding splenectomy, and in cases 1 
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chrome infectious splenomegaly and vanous blood dyscrasias, have 
ordmanly been regarded as potential splenic anemia m the pre anemic 
stage, and the splemc enlargement has been the outstanding dmical 
feature 

There were six cases in this group Three were studied both before 
and after splenectomy Two cases were studied preceding splenec- 
tomy and one case only after the operation The results of these 
studies are shown m table 1 

Comment Theblood volumeprecedingsplenectomy was 101 cc and 
the plasma volume was 59 6 cc These values are high While the 
ratio of cell to plasma volume, as denoted by the hematoent value of 
-11 per cent, was normah This state has also been disclosed m cases of 
chrome passive congestioh and in arteriovenous fistula, conditions in 
which a compensatory increase in the volume of arculating blood 
seems to be necessary for arculatory efBaency This leads to the 
possibility that in primary splenomegaly without anemia, the mcreased 
arculatory bed due to the splenomegaly and enlarged blood vessels 
necessitates a larger blood volume for circulatory needs 

The comparison of the average values of the two groups of cases 
before splenectomy and after splenectomy does not show significant 
change in blood volume, plasma volume or m the percentage of cells 
by hematoent In case 5 with an mterval of nine days, there was a 
decrease of 20 per cent m total blood volume and of 3 per cent m 
plasma volume. Smee the weight decreased 5 kgm , the changes in 
volume for each kilogram were not so marked This could be asenbed 
to operation and loss of blood The large blood volumes m the cases 
noth long intervals, one year and one and a haU years after splenec- 
tomy, are probably more significant, these patients have a large 
volume of normal blood, an unusual condition in subjects of normal 
bmld 

i 

HEMOLynC ICTERUS 

The chnical features of hemolytic icterus are well known The 
fundamental process is abnormally active hemolysis and the patho- 
logic basis IS probably chiefly concerned with mcreased fragility of the 
erythrocytes and microcytosis (Gififin) In the diagnosis of hemolytic 
icterus care must be taken to exclude arrhosis of the liver -with 



TABLE 2 

Ilemolyttc icicrus blood volume preceding and following splenectomy 
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BLOOD VOLITME FOLLO^^^I^G SPLENECTOML 


secondary hemolytic charactenstics Splenectomy is a curative 
measure Follomng operation the jaundice disappears, the excessive 
hemolysis ceases and, m some instances at least, the erjdhrocytes 
become less fragile As Moymhan stated “The spleen, if not the 
exclusive cause or seat of the disease, exerts the profoundest in- 
fluence on its pathogeny ” 

Preceding splenectomy Eleven cases of hemolytic icterus were 
studied (table 2) The body build in this group was subject to vide 
vanation, none of the patients were overweight, but the younger 
patients were underweight Studies of the blood volume were made 
one or two days preceding operation, and from nine to seventeen 
days followmg operation Anemia was present in all of the cases 
The patient with a blood volume of 153 cc was the only one with a 
volume above the upper range of normal, she was an emaaated girl 
aged SIX and a half years, and according to surface area the blood 
volume was less than the normal mean According to surface area 
the mean plasma volume for the entire group was 2200 cc for each 
square meter, about 15 per cent higher than the normal mean 

That anemia was actually present is shown by the amount of 
circulating hemoglobin The mean value for hemoglobin was 8 1 
grams for each kilogram of body weight (normal 13 8 grams) The 
mean value for the cell volume was 21 7 cc for each kilogram (normal 
36 5 cc ), a decrease of 14 8 cc ("45 per cent) The mean value for 
the plasma volume was 73 1 cc (normal 51 2 cc ), an increase of 21 9 
cc (43 per cent) The ratio was, therefore, H = 0 95 This replace- 
ment index of 95 is high, almost twice that seen m pnmary and simple 
secondary aneima 

The hemoglobin in grams and the blood volume v'hen separately 
plotted against the weight of the spleen did not correlate The cell 
volume calculated for each kilogram of body weight plotted agamst the 
V eight of the spleen did not show defimte correlation There was a 
fairly high correlation of 0 87 betv een plasma volume and weight of 
the spleen 

FoUouing splenectomy Estimations were made from nine to seven- 
teen days following splenectomy m nine of the eleven cases (table 2) 
The plasma volume according to body weight and surface area 
shov ed a smaller percentage variation since the bod}’^ weight decreased 
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after operation The total hemoglobin volume increased m all but 
one case, the range of increase being from 57 to 327 grams, averaging 



Fio 1 CnANOES IN THE CiEcniJitD.c Hehoglobin in Cases Following 
SPLENEC rOUY FOR Heuolytic Jaundice 

183 grams (fig 1) The percentage of cells by hematocrit and the 
number of erythrocytes mcreased m every case, and the hemoglobm in 
grams for each 100 cc showed a sigmficant increase m all but two cases 
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BLOOD \OLirME FOLLO^\TNG SPLENECTOML 


Comment The status of the blood volume in hemolytic icterus, 
according to mean values, is that of decreased cell volume vith 
normal blood volume The cell volumes and the hemoglobin volumes 
according to body weight and surface area were decreased, which is 
mdicative of the existence of an actual rather than an apparent anemia 
With the exception of one case, that of a child, the blood volume 
conformed closely to the normal range, which is 70 to 100 cc for each 
kilogram The plasma volume, however, was greatly increased, the 
mcrease amounting to a mean of 21 9 cc , 43 per cent for each kilo- 
gram above the normal mean The replacement index was high, 95, 
in other words, when compared to normal values the increase of plasma 
to replace the decrease m cells was almost complete This indicates 
that m hemolytic icterus the replacement of the dirmmshed cell volume 
by plasma is effective and adequate, much more so, in fact, than in 
pnmary anerma and simple secondary anemia without splenomegal> 

The mcrease in the blood volume and cell volume foUowmg splenec- 
tomy in cases of hemolytic icterus is most striking and correlates well 
with the chnical improvement following operation In every case but 
one the ceU volume mcreased significantly withm three weeks and the 
actual volume of hemoglobin showed comparable changes, the increase 
averaging 183 grams In case 2 (table 2) the increase in the blood 
volume was more than a third of the preoperative value, and the actual 
increase of hemoglobin was 327 grams in ten days, or over 30 grams a 
day This increase of hemoglobin represents only the demonstrable 
increase of pigment and does not include the amount necessary to 
compensate for that which is normally destroyed Figures for the 
normal amount of hemoglobin formed daffy in man are not available 
^^^upple, Robscheit and Hooper have shown that m the dog after 
umt hemorrhages, the amount of hemoglobin regenerated depends 
largely on the type of diet In one expenment with beef heart 
diet, 43 grams of hemoglobin were formed daffy over a seven-day 
penod 

The rate of recover}’’ from anemia after splenectomy is not correctly 
shown in the concentration i alues for hemoglobin and erythroc}’’tes 
For example, in case 2 (table 2) foUovang operation there vas an 
increase of about 9 per cent m the grams of hemoglobin in each 100 cc 
and a questionable increase in the number of erythrocytes The 
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increase m the blood volume, however, was 1970 cc (40 per cent) 
half of which was cells The mcrease m the actual volume of hemo- 
globin was 327 grams, or about SO per cent The plasma volume 
increased 940 cc while the cell volume increased 1030 cc , that is, cells 
increased m greater proportion than plasma, thus affectmg the ratio 
of cells to plasma 

Hooper, Rohscheit and tVhipple have shown that m the recovery 
from experimental anemia, the increased plasma volume caused by the 
anemia gradually disappears with the regeneration of cells In the 
recovery from anemia m hemolytic icterus, the plasma volume 
decreased m five cases with the increase of cells, and increased m four 
cases 

The status of the blood volume as indicated by the mean value in a 
senes of eleven cases of hemolytic icterus precedmg splenectomy is 
that of decreased cells with normal volume The anemia of hemolytic 
icterus is an actual rather than an apparent anemia and as the plasmg 
volume increases to cause a slightly high blood volume a small amount 
of diluPon occurs The blood volume is maintained within a normal 
range smce the replacement of cell volume by plasma is almost com- 
plete, as shown by a replacement index of 9o Following splenec- 
tomy there is an immediate rapid mcrease m the cell volume and 
hemoglobm volume which is not adequately demonstrated by the 
ordmary chmcal estimations for determimng the concentration of 
hemoglobin and erythrocytes 

SPLENIC ANEIHA 

Splenic anemia is a useful term to mdicate a poorly defined clmical 
syndrome rather than a disease entity, and the diagnosis is chieflv 
made by exclusion Cases mcluded m this group have two features in 
common primary splenomegaly, and a secondary type of anemia 
Cases of questionable diagnosis are always present m a group of cases 
classified as splemc anemia, and the difficulties of arriving at conclu- 
sions concermng observations on the blood volume are correspondingly 
increased, espeaallj m those cases m which secondary hepatic arrhosis 
IS present 

Preceding splenectomy Estimations of blood volume were made 
preceding splenectomy m eighteen cases classified as splenic anemia. 
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TABLC 3 

Spltmc aitemta blood volume preceding* and following splenectomy 
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plasma volume and the weight of the spleen It has been suggested 
that m the cases of enlarged spleen and a presumably active reticulo- 
endothehal system the dye is removed from the blood with abnormal 
rapidity Information on this pomt has been obtained by the following 
experiments 

1 In two cases of hemolytic icterus volume determinations were 
made on the operating table just pnor to removal of the spleen 
Twentj to thirty mmutes after the injection of the dye, samples of 
blood were taken from the splenic artery, splenic vem and spleen 
pulp It was found that the concentration of the dye m the three 
samples was exactly the same These experiments seem to demon- 


TABLE -1 

Percentage of vanationm Ike plasma volume six minutes after injection of the dye 



Time »ilu loJectloQ 

2 mlaaUt 

3 nlAQUl 

4 giiantH 

6 mintet 

I 

too 

100 

100 

100 

2 


100 

101 

107 

3 

100 

100 

101 

102 

4 

100 

100 

100 

101 

5 

100 

99 

100 

96 

6 

100 

97 

100 

100 


* The two-nunutc determination is taken os 100 per cent. 


strate that the dye is not abnormally removed by the cells of the 
spleen in hemolytic icterus 

2 The rate of disappearance of the dye from the blood was ascer- 
tamed by determimng the plasma volume at periods of two, three, 
four and sue imnutes m a large senes of normal subjects and in six 
cases of splenic anemia (table 4), demonstrates that an mcreased or 
abnormal rate of disappearance of the dye was not present in the cases 
of splenic anemia hloreover, dye was not excreted in the unne 
withm one hour after mjection, as has been demonstrated in certain 
cases of nephrosis 

The effect of anemia on the increase in plasma volume was con- 
sidered Only rarely m cases of secondary anemia were high plasma 
\ olumes found In thirty cases of primary and secondary anemia there 







296 


BLOOD VOLUME FOLLOWING SPLENECTOMY 


seven of the Banti type (table 3), It wall be noted in table 3 that in 
the seven cases of the Banti type there was approximately the same 
high blood volume as that in the cases without advanced hepatic 
cirrhosis 

The body build of this group of patients was fairly uniform None 
w^as obese or emaciated The mean figure for body w'eight was 
64 2 kgm 

Follminfig spleneclomy In seven of the cases obsen^ations W'ere 
made both before and after splenectomy Estimations of blood 
volume were made from tw'O to three weeks after operation (table 3) 

Comment The mean value for the blood volume according to the 
body w^eight and surface area is increased m splenic anemia approxi- 
mately 10 per cent above the normal This increase is largely due to 
plasma volume smce the cell volume is reduced 18 per cent The mean 
value for the plasma volume according to weight and area is approxi- 
mately 30 per cent above normal The plasma volume is much 
higher m splenic anemia than in the chronic secondary types of anemia 
and in pernicious anemia with comparable hemoglobin and cell values 
This fact suggests the question whether the anerma is actual or whether 
dilution factors play a role causmg apparent anemia The circulating 
hemoglobin in grams for each kilogram preceding splenectomy was 
9 7 grams, or for each square meter of surface area 355 6 grams com- 
pared wnth a normal of 13 8 grams and 508 grams, respectively This 
would indicate that actual anemia exists which is diluted by the 
abnormally high plasma xolume The anemia is due both to dilution 
and to actual loss of hemoglobin The plasma not only replaces the 
lost cell \’’olume but increases to a point beyond the ongmal blood 
x’-olume The replacement index is verj'^ high, as is demonstrated by 
the following calculation A mean cell volume of 30 cc for each 
kilogram, compared with a normal of 36 5 cc , is 6 5 cc , 17 8 per cent, 
less than normal, the mean value for the plasma volume of 68 6 cc 
(normal 51 2 cc ) is 17 4 cc , 34 per cent, above normal The replace- 
ment index would then be 191 (y 4^ = 1 91) The replacement index 
as demonstrated m sixteen cases of secondary anemia was 42 and in 
ten cases of pemiaous anemia was 30 

The reason for the increase in plasma x'olume m cases of splenic 
anemia is not clear although there is a close correlation between the 
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plasma volume and the weight of the spleen It has been suggested 
that in the cases of enlarged spleen and a presumably active reticulo- 
endothehal system the dye is removed from the blood with abnormal 
rapidity Information on this pomt has been obtained by the following 
experiments 

1 In two cases of hemolytic icterus volume detemnnations were 
made on the operating table just pnor to removal of the spleen 
Twenty to thirty mmutes after the mjection of the dye, samples of 
blood were taken from the splenic artery, splenic vein and spleen 
pulp It nas found that the concentration of the dye in the three 
samples was exactly the same These experiments seem to demon- 


TABLE i 

Pcrccntate of vcrlaUontn the plasmetoolume within six fninutes after injection of the dye 
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strate that the dye is not abnormally removed by the cells of the 
spleen in bemoljdic icterus 

2 The rate of disappearance of the dye from the blood was ascer- 
tained by determinmg the plasma volume at periods of two, three, 
four and six imnutes in a large senes of normal subjects and m six 
cases of splemc anemia (table 4), demonstrates that an increased or 
abnormal rate of disappearance of the d\ e was not present m the cases 
of splenic anerma hloreover, dye was not excreted m the unne 
within one hour after injection, as has been demonstrated in certam 
cases of nephrosis 

The effect of anemia on the mcrease in plasma volume was con- 
sidered Only rarely m cases of secondary anemia were high plasma 
volumes found In thirty cases of primary and secondary anemia there 
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was a moderate increase in the relative volume of plasma with mean 
values of 60 and 58 cc , respectively This would indicate that the 
anemia is probably not the sole factor m the production of the high 
plasma volume m splenic aneima It was demonstrated m the senes 
of cases reported in the first portion of this paper that cases of spleno- 
megaly without anemia also show a high plasma volume It is 
possible, then, that a high plasma volume may be one of the funda- 
mental changes m cases of splemc anemia, and that it may precede 
the development of anemia 



Fig 2 Plasma Volume antj IYeight of Spleen in Splenic Anemm 

Follovang splenectomy a decrease in the total volume of the circu- 
lating blood occurred in ever}’- case This decrease was slight in one 
instance but defimte in all the others The maximal decrease was 
1230 cc and the average was 656 cc The decrease m the total blood 
\olume vas more constant and marked than that occurring in the 
relative blood volume for each kilogram because of vanations in bod) 
weight On the basis of surface area a decrease occurred in all but 
one case The plasma volume liLemse decreased in every instance, 
with a range of decrease from 145 to 910 cc , the average decrease being 
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442 cc Slight increases and decreases occurred accordmg to body 
weight The cell volume decreased m five of the seven cases, but was 
significant in only three cases In only two cases did the cell volume 
show an increase The total amount of cumulating hemoglobm m 
grams showed a decrease m five of the seven cases, averaging 50 grams 
The total blood volume for each kilogram of body weight was 
charted agamst the weight of the removed spleen The curve shows a 
rough correlation between these factors It is apparent that larger 
volumes of blood occurred m the cases in which the spleen was largest 
A closer correlation is brought out when the plasma volume for each 
kilogram is plotted against the weight of the spleen The curve 
approximates a straight Ime (fig 2) Between the cell volume and the 
weight of the spleen defimte correlabon could not be demonstrated 
The moderate reduction m the blood volume after splenectomy in 
cases of splemc anemia would, at first thought, be attributed to loss 
of blood The studies in these cases were made two and three weeks 
following operation, this mterval would ordmanly be regarded as 
suffiaent for adequate blood regeneration There is great variation m 
the amount of blood lost at operation, m some cases it is neghgible 
and in others large There does not seem to be any correlation be- 
tween the amount lost at operation and the decrease m blood volume. 
Likewise, the drop m the volume of blood after operation consists 
largely of plasma, mdicating a readjustment follovnng splenectomy 
A relationship could not be established between the reduction m blood 
volume and plasma volume and the weight of the spleen, m fact, the 
patient (case 5, table 3) with the smallest spleen, showed the greatest 
decrease m blood volume Surpnsmgly small amounts of blood were 
recovered from the enlarged spleens, the amount ranged from 100 to 
500 cc Either the contraction of the spleen eliminates much of the 
blood before it is removed, or its actual capaaty is reduced, possibly 
because of fibrosis One would infer from these observations that 
loss of blood due to removal of the spleen, although it may affect the 
results to a certam degree, does not account for all of the reduction m 
TOlume of blood, nor could it account for the disproportionate loss in 
the plasma volume and the relatively high plasma volumes remammg 
after splenectomy 

Summanzmg these results m connection with splenic anerma, it has 
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apparently been shown (1) the plasma volume, and therefore the total 
blood volume, is high accordmg to body weight in spite of a decreased 
volume of cells, (2) the increased plasma volume estimation is not 
due to an abnormal affinity of the cells of the spleen for the dye, to loss 
of the dye in the unne, or to an abnormally rapid rate of disappear- 
ance from the blood, (3) ■while the existence of anemia is usually a 
significant factor m the production of the high plasma volume, it is 
not the important or sole factor as it seems to be in cases of secondary 
anemia and pemiaous anemia, (4) the enlarged spleen is probably an 
additional factor m the mcrease of plasma volume and total blood 
volume, even m splenomegaly without anemia the plasma volume is 
slightly mcreased, and (5) a fairly high correlation exists between the 
weight of the spleen and the plasma volume for each kilogram 

SUMMAEY 

The figures obtained m blood volume studies m seventy-four 
normal adult subjects reported elsewhere by Ro'wntree and Brovni are 
approximately as follows for both sexes, mean value for the blood 
volume for each kilogram of body weight, 87 7 cc , plasma volume for 
each kilogram, 51 2 cc , cell volume, 36 5 cc , circulating hemoglobin 
for each kilogram of body weight, 13 8 grams, and for each square 
meter of surface area, 508 grams, hemoglobin for each 100 cc , 15 7 
grams, and cells by hematocnt, 41 per cent On the basis of each 
square meter of surface area the values are approximately as follows 
volume of blood, 3278 cc , volume of plasma, 1920 cc , and volume of 
cells, 1358 cc 

In cases of primar)’’ splenomegaly without anerma the mean value for 
the blood volume was increased to 101 cc for each kilogram, the plasma 
volume was increased to 59 6 cc , and the ratio of the cells to plasma 
was normal After splenectomy there was no significant change in the 
blood volume or in plasma volume, the values still remaining above 
normal 

In hemolytic icterus the blood volume was normal and the cell 
\olume decreased, the replacement of the diminished cell volume by 
plasma was complete After splenectomy there was an increase in 
blood volume and a very striking increase m the volume of cells and 
hemoglobin These increases were much greater than ere indicated 
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In splenic anemia blood volume vras mcreased and cell volume 
decreased An increase in the plasma volume was found which could 
not be accounted for solely on the basis of anemia The anemia was 
due both to ddution and actual loss of hemoglobm Following 
splenectomy a moderate decrease, which was largely m the plasma 
volume, occurred in the total blood volume, yet the mcreased plasma 
volume persisted A high correlation has been demonstrated for the 
relative plasma volume and the weight of the removed spleen 
Most of these observations were made within three weeks of the 
tune of operation The number of observations made at longer 
mtervals subsequent to splenectomy have been too few to warrant 
discussion 
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PROCEEDINGS OF THE FIRST MEETING OF THE CEN 
SOCIETY FOR CLINICAL RESEARCH HELD IN 
CHICAGO, ILL , NOVEMBER 23, 1928 

Tht Infiumu oj Rjtsfnral%on on Venous Pressure By 0 0 itEYER, M 
invitation), and WiL S Miodleion, MJ5 , Madison, W« 

Movment of blood into the thorax is favored by the increased negat: 
intraplenral pressure on inspimtion. Accordingly venous pressure in thi 
sible peripheral veins of the forearm falls on inspiration With the imtii 
expit^on and the colnadent fall of intrapleural negative pressure, pei 
venous pressure Increases Under ordinary circumstances in the normal inc 
these changes are too Insignificant to warrant clinical attention Howe' 
theoretical conslderatlonB stated develop a practical unportance when i 
ances of respiratory rhythm occur, os in the induction of anestheda and ( 
Stoles respiration The physical exertion, respiratorj arrest and probable 
dioxide increase of the induction stage of general anesthesia lead to shoi 
of the -venous pressure The period of hyperpnoea of Cheyne-Stokes res] 
mvanably Induces a fall of venous pressure whereas an mcrease alter 
apneic phase 

Led by these observations to seel a pracbcal application as a dynamic 
nght ventncular integrity, a senes of studies was pursued relative to the 
pressure response to the Valsalva and to the Mueller tests Bnefly stal 
results confirm the concensus of opmion as to the rise of venous pressure n 
Valsalva experiment, but refute the belief that the Mueller test leads to t 
bon of venous pressure In both instances in normal subjects a rise is r 
whose level apparently bears a direct relabon to the durabon of the expi 
and to the energy of the resisted tespiratori eSort Obviously the resul' 
the Valsalva experiment have a defimte bearing on the circulatory fata! 
child birth and on the so-called “bed pan" deaths m cardiac cases 

Further developments of this attack led to the apphcabon of the \ 
experiment to the vanous stages of catdmc mcompetencj It is behevi 
more prompt and higher early elevations of the venous pressure ma> be anti 
m event of nght ventricular weakness, but the resist^ expiratory effort 
be maintamed under this circumstance The ultimate level of venous f 
m decompensated mdivfduals under the condibons of the Valsalva exp 
therefore does not approach that noted m normal controls Hence a prr 
value attaches to the &tud> of the venous pressure reacbon of such 
Valsalva experiment. 
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The Cardiod\mmic Effects of Sicnosts of the Aorta on the Pulmonary Circuit and 
Right Heart B\ Louis X Katz, SI D , and SIortbier L Siegel, SID (by 
imntation), Cle\ eland, Ohio 

An attempt •ft as made m the present mvestigation to determine whether or not 
the left ventnde can counteract the effects of an impediment to the om\ard flow 
of blood and pre^ent back pressure effects m the pulmonary arter}' and nght 
heart A marked constnction w as apphed at the root of the aorta and its effect 
on the pressure pulses in the left auncle, pulmonary artery , and right ventnde 
vas follo^\ed m optically recorded curves 

Obstruction of the coronary' return flow to the nght heart had little or no 
effect on the cuiv'es shomng that changes produced Mere due to an mcreased 
coronarj flon 

Our results mdicate that stenosis of the root of the aorta leads to a damming 
back of blood in the pulmonaiy' artery' and nght ventnde sufilcient to raise the 
pressure -mthm them The left ventnde, left auncle, and pulmonary' veins are 
apparently madequate to accommodate the excess 

Observations on the RumpcI-Lccdc Phenomenon By Johnson JMcGuire, HI D 
(bv invitation), Cmcmnati, Ohio 

The occurrence of petechial cutaneous hemorrhages follo^Mng artificially 
induced venous stasis has been desenbed m vanous diseases 

Hecht, m 1907, pubhshed an account of petechiae observed m children ill vith 
scarlet fever These hemorrhages devdoped when loose folds of skin were picked 
up and held lighth betw een the fingers 

Dunng an epidemic of scarlet fever m 1911, Rumpd and Leedc noted the 
appearance of simdar hemorrhages following the application of a tourniquet 
The^ Came to the condusion that the test was specific for scarlet fever 

Stephen and later Weissman studied skm hemorrhages m a fairly large senes 
of rmscellaneous cases Usmg the cuff of an ordmary' sphygmomanometer stasis 
w as induced by raising the pressure to 70 mms of Hg and mamtaining this level 
for five minutes 

Petechial hemorrhages occurred regularly' in subacute bactenal endocarditis, 
frequentl\ in cases of h^•pertenslon, occasionally in rheumatic fever, scurvy' and 
acute nephntis, ne\er in tuberculosis, staphylococcus infections, pemiaous 
anemia, or diabetes 

Further studies have been made on patients wuth a vanety of diseases and on 
a number of normal controls 

Description of method The result m groups of mdividuals suffenng from 25 
diseases are recorded in table 1 
The results in 50 normals in table 2 

An exammation of the results m table 1, shows a markedly positive result wnth 
the tourniquet test m all cases of subacute bactenal endocarditis Inconstant 
findings occurred in the other diseases 
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In the hypertensive group Weissmann obtabed an ertremely hi^ percentage 
of pos\tive reactions, whUe this series shows a number of negatives with equalli 
high blood pressures The probable explanation of this discrepancy is the fact 
that practically every one will give a positive result when the pressure is mam 
tained at 100 mm for five imnutes To produce what be considered appropnate 
stasis Weissmann used pressures just below the diaatohc levels m the cases of 
hypertension 

Table 2 shows that approxunately one third of normals gave slightly positive 
results 

Summary and condunons The occurrence of petechiae following venous stasis 
has been studied m 25 diseases and In a group of normal controls The results 
are given m two tables 

In the few cases of subacute bacterial endocarditis CTammed, the result was 
uniformly strongly positive and suggests the sign may prove of differential diag 
nostic value 

The frequency of a slightly positive reaction In nor m als suggests that onlj 
martedlv positise results be considered significant 

The Effects of Temporary Ocduswn of Ihe Coronary Arlenes Bj Don C SonoN, 
MJD (bj Invitation), Chicago, 111 

1 A method for the study of the effect of temporary occlusion of the coronan 
ortenes in unanesthetiied dogs has been developed 

2 Temporary occlusion of the coronary arteries in the dog produces pain 
which IS abolished by removal of the left stellate ganglion, by destruction of the 
perivascular nerves, but not by severance of the vagi 

3 The visceral pericanllum is not sensitive to pam 

The Sigmficance of Electrocardiograms Showing Left Axis DevwUon with Inserted 
T I and Upright Till aiidQ RS of Normal Duration By DaEW Lpten, MD , 
and Edward Grove, M D (bv mvitation), St. Louis, Mo 
Expenmental evidence (IVilson and Herrraaim) mdicates that electrocarrho- 
grams of this type result from impairment of conductivity m the nght limb of the 
A V bundle Two examples of supportmg clinical evidence are presented Our 
conception of the cause of this defect refers it to coronary disease 
Such records m our files (237 m number) were found to be confined almost 
exclusively to patients exhibiting either definite or presumptive artenal disease. 
Heart disease, when it occurred (56 per cent of cases), was almost mvanablj of 
types referable, wholly or m part, to coronary mvolvement. 

The higher incidence of such defect in the right limb is readily explained by the 
coronary distribution to the two divisions of the ^ V bundle (Gross) 

Emaciation, Anemia, Belaiiy, Chrome Diarrhea and ilatabsorpHon of Fat A 
Nulnitoital Disturbance in Adults which Resembles Celiac Disease and Sprue 
By WncuAii H Houies, MJ) (by invitation), Chicago, Hi 
The article deals with a group of six cases in which emaciation, anemia, tetanv 
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and chronic diarrhea -were the dominant s\Tnptoms In certain instances the 
emaaation amounted to a loss of 50 per cent of the usual bod\ iveight The 
anemia resembled Addisonian anemia but differed in that there nere no signs of 
postero lateral sclerosis or of an aaditv Subjecti\ e sjTnptoms consisting of 
tingluig and numbness of the extremities •nerc due to tetam and disappeared 
immediateh mth restoration of a normal blood calaum The emaaation and 
anemia appear to be due to malabsorption of food Starches and fats are poorly 
utilized A high protein diet m as nell tolerated and did not aggra\ ate the tetanv 
\ markedlj dilated and redundant colon u as present in all cases Dietetic control 
and restoration of normal mmeral balance resulted in a cure in tno instances and 
improvement in the remainder 


Chemteai Studies of Patients with Noti-Tropical Sprue By Paul Stake, hi D , 
Chicago, 111 

This report consists of (1) a detailed account of the results of diet, thjroid, 
parathj roid and calaum medication on the metabohe rate, weight, blood calaum 
and stools of a patient wnth non-tropical sprue observed from hlav 1926 to Novem- 
ber 1928 (2) the chemical data of calaum balance metabolism expenments on a 
second patieiit on low fat, high protem diet, normal high fat diet, and normal low 
fat diet, covenng twenty-four three day penods during five months obseri'ations, 
(3) the effect of gastric digestion on the blood calaum in normal patients wnth a 
few obserx'ations on patients with sprue, consisting of a tabulation of the change 
in the blood calaum durmg a fractional meal m twentv instances The suggestions 
m regard to the calaum metabolism of sprue to be drarni from these studies are 
as follows (1) Chronic latent tetany is present m non-tropical sprue (2) it may 
become acute wnth extreme depression of the blood calaum, (3) negative calaum 
balance could not be detected on low fat diets, (4) negative calaum balance was 
found on a high fat diet durmg diarrhea, (5) treatment calculated to correct this 
IS benefiaal, (6) there is an assoaated depressed basal metabohe rate, and (7) 
benefit from raismg it bv thjTroid admmistration, (8) there is a slight but definite 
depression of the blood calaum dunng the gastric digestion of a fractional test- 
meal, (9) this is not dependent upon aad secretion 

/ 

H\pcrpaTalhyroidism Bv Harold Bulger, jMD, Hevry H Dixov, MD 
(b\ m\ itation) and Daxto P Barr, JI D , St Louis, hlo 
\\ e ha\ e studied a patient presenting multiple giant-cell bone tumors, h>'po- 
toniati of muscles, bilateral nephrobthiasis, h)’percalcemia and abnormal ten- 
denc\ to excrete calaum m the unne and a parath\Toid tumor 

The remo\ al of the parathvroid tumor caused severe and almost fatal tetany , 
h\pocalcemia, change in the size of the bone tumors and abnormal tendency to 
the retention of calaum 

The simptoms of this patient closelj resemble man} cases which are scattered 
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through the hterature but which have never been sutBdentlv defined It is 
suggested that these are cases of true hyperparathyroidism 

The Instance of Peptic Ulcer ax Delermtited PosHlorlcm Bv A J Mulee, MD, 
Louisville, Ky 

Careful examination of the atomach and duodenum m patients over fifteen 
years of age coming to autopsy at the Universiti Hospital in Omaha, NebrasVa, 
over a period of two years revealed an instance of peptic ulcer of 18 8 per cent 
There are 202 cases in the senes Thuly-elght of them had definite evidence of 
ulceration m the stomach or duodenum, five of these, or 13 1 per cent were dlag 
nosed dimcally, thirty three, or 86 9 per cent, were not recogmxed Tiventi -one, 
or 55,2 per cent, were entirely healed lesions, and of these, fourteen, or two-thirds 
of the healed lesions, were m the duodenum Thirteen, or 34A per cent, were 
active lesions, and of these, three, or appromnately one-third, were m the duo 
denum In four, or 10 5 per cent there svere active and healed lesions all of 
wHch were in the stomach 

The instance of pqitic ulcer is much greater than commonly beheved Those 
in the duodenum heal much more frequently than those m the stomach 

A Study of Pulmonary Lesions Among Children and Young Adults By J A 
Uyees, MX) , Minneapolis, Muu 

From the routine examinations of more than six thousand children and voung 
adults, those with defimte evidence of pulmonary lesions have been followed over 
a period of sevend > ears They are grouped accordmg to location of lesions 
rnmaiy tuberculous foci and their relation to the adult form of tuberculosis 
have been studied 

Different steps m the healing of lesions are presented to show how well pulmo 
nary lesions m childhood often heat In another group, different steps m the 
advancement of pulmonary lesions are presented hlore than a hundred cases 
of pulmonary lesions among teen age girls and boys are mcluded 

Studies of Pulmonary Gangrene By I Pilot, M D (by bvitatlon), Chicago, 111 
The purpose of these studies is to clanty a clinical condition m which the 
etiology has not been well understood Bactenologic studies m our own cases 
reveal m most instances fusiform baciUI, spirochetes always with other bactena 
particularlv the pyogenic coca As these organisms appear to be identical with 
those found in the oral cavity it is evident that the infection is due to mvasion of 
mouth organisms into the lower respiratory tract For the development of lesions 
in the pabent as well as in the experunental animal certain contnbuUng factors 
are necessary In patients aspiration of mouth secretions during anesthesia and 
foreign bodies are outstandmg predisposing causes In the rabbit material 
introduced mtratracheally as a rule results m no change unless a foreign substance 
(lipiodal) is added. The Levaditi preparations of the lesions often reveal a 
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and chronic diarrhea uvere the dominant s\Tnptoms In certain instances the 
emanation amounted to a loss of 50 per cent of the usual bod\ n eight The 
anemia resembled Addisonian anemia but differed in that there were no signs of 
postero-lateral sclerosis or of an aaditv Subjective svTnptoms consisting of 
tmglmg and numbness of the extremities were due to tetanv and disappeared 
immediatelv mth restoration of a normal blood calaura The emanation and 
anemia appear to be due to malabsorption of food Starches and fats arc poorl> 
utilized A high protein diet i\ as n ell tolerated and did not aggrav ate the tetanv 
A markedlj' dilated and redundant colon a\ as present in all cases Dietetic control 
and restoration of normal mmeral balance resulted in a cure in two instances and 
improv ement in the remainder 


Chemical Sludics of Patients imth Non-Troptcal Sprue By Paul Starr, M D , 
Chicago, 111 

This report consists of (1) a detailed account of the results of diet, thjTOid, 
parathj roid and calcium medication on the metabohe rate, weight, blood calcium 
and stools of a patient wth non-tropical sprue observed from Mav 1926 to Novem- 
ber 1928 (2) the chemical data of calaum balance metabolism expenments on a 
second patient on low fat, high protem diet, normal high fat diet, and normal low 
fat diet, covenng twenty-four three da> penods dunng five months observations, 
(3) the efiect of gastnc digestion on the blood calcium in normal patients v\ ith a 
few observations on patients wnth sprue, consisting of a tabulation of the change 
in the blood calaum dunng a fractional meal m twentv instances The suggestions 
in regard to the calcium metabohsm of sprue to be drawn from these studies arc 
as follows (1) Chronic latent tetanj is present in non-tropical sprue (2) it may 
become acute with extreme depression of the blood calaum, (3) negative calcium 
balance could not be detected on low fat diets, (4) negative calaum balance w as 
found on a high fat diet dunng diarrhea, (5) treatment calculated to correct this 
IS beneficial, (6) there is an assoaated depressed basal metabohe rate, and (7) 
benefit from raising rt by thyroid administration, (8) there is a slight but definite 
depression of the blood calaum dunng the gastnc digestion of a fractional test- 
meal, (9) this IS not dependent upon acid secretion 

/ 

n\pcrparath\roidism Bv Harold Bulger, MD, Hevrv H Devos, AID 
(bv invatation) and Davtd P Barr, hi D , St Louis, hlo 
A\ e hav e studied a patient presenting multiple giant-cell bone tumors, hjpo- 
toniatv of muscles, bilateral nephrohthiasis, hj’percalcemia and abnormal ten- 
denev to excrete calaum m the unne and a parathjToid tumor 

The remov al of the parathv roid tumor caused severe and almost fatal tetany, 
hvpocalcemia, change in the size of the bone tumors and abnormal tendenej to 
the retention of calaum 

The svmptoms of this patient close!) resemble man) cases which are scattered 
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The Veins of the Suprarenal Glands tn Patients with Normal and Eigh Blood Pres 
sure A Study oj the Musculature and Volntne tH 100 Cases By Edgar V 
Aixzn, M J) (by invitation) Rochester, Mmn 

The suprarenal glands remo\^ at autopsy from 50 cases each •with normal and 
high blood pressure ivere studied with particular reference to the musculature 
of the veins and the venous vasculansabon About 1400 veins were so studied 
by sectioning the adrenals at areas 1 era apart, staining with Von Gieson connec 
tive tissue stain and projecting at magnifications varying from 50 to 200 tunes 
The areas of the lumpna of the veins were then calculated by means of a planim 
cter and the readings corrected statistically 
The results of this studv determine the condition of the musculature of the 
suprarenal veins fn the two clinical conditions and give evidence concerning the 
amount of vascularization bv veins The relation of the condition ol the muscu 
lature and clinical h>'pcrteasion is discussed 

Repeated Glucose Tolerance Tests By Henry J John, M D , Cleveland, Ohio 
The stud) of borderline cases of diabetes through repeated glucose tolerance 
tests over a penod of >'ears offers mterestmg observations as to the evolution or 
the "keeping in check." of diabetes m patients under different living conditions 
It also gives us a definite guide as to the degree of unprovement m the patient’s 
condition and thus tells us the degree of Ubertv we can take with his diet Or 
again it shows a retrogression, due to carelessness m diet infections mental 
strains or Inadequate treatment Bnelly it opens up a 8tud>, which after a 
suffiaent length of tune ought to throw some light on the fluctuations of the 
carbohydrate metabolism under varied conditions and what I consider most 
important — It ought to tell us just what the status of the borderlme group of 
cases IS and through that give us a defimte idea os to what is the best wav of 
dealing with this group — in other words it wiU lead us into preventive mediane 
m the field of diabetes 

Bv Frank N Allan MJ) (bv mvitation), Rochester, Jilinn 
Hi’perinsuUnlsm is now recognised as a chnical entity, as a result of the study 
of a cose with a constant tendency to hypogl>ceniia, previously reported In col 
laboration mth UTlder, Power and Robertson In this case the cause of the 
trouble was shown to be overproduction of insulin from a caremoma originating 
in the islands of the pancreas Recentl> two cases have been under observation, 
presenting a similar tendency to hypoglycemia, necessitating the ingestion of 
food or sugar at regular intervals during the day and night to prevent the occur 
rence of mental confusion, unconsaousness, and convulsions Hyperinsulmlsm 
13 suspected, although it cannot be definitely proven In one case the pancreas 
appeared normal on surgical exploration, and microscopic examination failed to 
reveal any abnormality Removal of a part of the pancreas has diminished but 
has not completeh abolished the tendency to hypoglycemia. The patient no 
longer requires feedmg at night and can remam free of symiptoms with only three 
meals during the day 
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characteristic distribution of the fusospirochetes Xeosalvarsan in certain cases 
if gi\en early has a faaorable influence but in most instances of the diffuse ti-pes 
of gangrene the outcome is unfavorable 

Siudtcs VI Syphilis of the Stoimch By Hahrv A Sd-ger, M D (b\ inaatation), 

Chicago, 111 

Accordmg to current medical hterature, there is a marked discrepancj between 
the inadence of sj-philis of the stomach in the morgue as compared nith its occur- 
rence m the clinic The chief reason for this difference is vanance in opinion 
as to what constitutes from the anatomic standpoint gastnc lues Pathologists 
are inclined to disregard all but those cases m uhich specific changes arc demon- 
strable A study of a senes of cases from the combmed clmical and morphological 
standpoints indicate that at the time most pabents vnth sj^ihilis of the stomach 
reach the operabng or post-mortem table, the lesions are receding or healing and 
therefore from the microscopic viewpomt not tj^pical of lues A gradual tran- 
sibon from the active lesion mth its classical luetic picture to the healing and 
healed lesion can be traced by companng the histologic slides from a senes of 
resected stomachs 

The Course of Syphilitic Heart Disease Bv Fredrick A Wiilius, M D , 

Rochester, I^Im 

This study was undertaken to attempt to determine the course of and the 
factors influencmg the expectation of life in pabents suffenng from cardiovas- 
cular syphihs 

From a large material it was possible to select onlv one hundred cases in which 
a definite histon, of the onset of sj^ihihs w as available, and in which the date and 
cause of death could be accurately determined 

These cases were divided mto three groups the first group compnsing those 
cases presenting clinical evidence of sj'philibc aortitis, there were seventeen cases, 
all males The second group presenting chnical evidence of sj'philitic aortitis asso 
ciated with aortic insuffiaencrv , compnsed fifu -nine males The third group com- 
prised cases of thoraac aneunsm, of which there were thirb -four, all being males 

The groups are considered separately but m the abstract it seems desirable 
to present average statisbcs only 

The average age at which svphilis was contracted was tv\ entv -sev en jears and 
the av erage age at which death occurred from heart disease was fiftj -seven v ears, 
in other w ords, thirtv v ears elapsed from the bme that the disease w as contracted 
until the patient died of heart disease 

Numerous other points are discussed, viz the incidence of positive scrologv 
of the blood and of the spinal fluid in the vanous groups, the incidence of assonated 
svphilibc manifestations, the tvpes of cardiac manifestations and the occurrence 
of assoaated electrocardiographic phenomena 
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The I etns of the Suprarenal Glands in Patients soith Normal and H igh Blood Pres 
sure A Study oj the Musculature and Volume tn 100 Cases By Edoar V 
Alien, MX) (by invitation) Rochester, Minn 

The suprarenal glands removed at autopsv from SO cases each with normal and 
high blood pressure were studied with partlcubr reference to the musculature 
of the veins and the venous vaaculanxation About 1400 veins were so studied 
by sectioning the adrenals at areas 1 cm apart, stalnmg with Van Gleson connec 
live tissue stain and projecting at magnifications varying from 50 to 200 tunes 
The areas of the lumens of the veins were then calculated by means of a plamm 
eter and the readings corrected statisticallv 
The results of this study detenmne the condition of the musculature of the 
suprarenal veins m the two chnical conditions and give evidence concemmg the 
amount of vasculansation h> veins The relation of the condition of the muscu 
lature and clmical hypertension is discussed 

Repealed Glucose Tolerance Tests By Henry J John, MX) , Cleveland, Ohio 
The stud) of borderhne cases of diabetes through refieatcd glucose tolerance 
testa over a period of years offers interestmg observations as to the evolution or 
the "teepmg m checL" of diabetes m patients under different hving conditions 
It also gives us a defimte guide as to the degree of unprovement in the patient’s 
condition and thus tells us the degree of llbertv we can tale mth his diet Or 
again it shows a retrogression, due to carelessness in diet, infections mental 
strams or madequate treatment, Bnefly it opens up a stud), which after a 
suffldent length of tune ought to throw some light on the fluctuations of the 
carbohydrate metabolism under varied condiPons and what I consider most 
important — it ought to tell us just what the status ol the borderhne group of 
cases is and through that give us a definite idea as to what is the best wa\ of 
dealing with this group — m other words it wall lead us mto prei'entii'e mediane 
in the field of diabetes 


nypennsuhmsm B) Frank N Allan, if D (bv invitation), Rochester, Afmn 
Hipennsulinfsm is now recogmred as a cbmcal enbtv , as a result of the stud) 
of a case mth a constant tendency to hypoglycemia, previously reported in col 
laboratlon with Wilder, Power and Robertson In this case the cause of the 
trouble was shown to be overproduction of insuhn from a carononm ongmating 
in the islands of the pancreas Recently two cases have been under observation, 
presentmg a similar tendency to hypoglycemia, necessitatirg the mgestfon of 
food or sugar at regular mtervals during the day and night to prevent the occur 
rcnce of mental confusion, unconsaousness and convutions Hypennsuhmsm 
IS suspected, although it cannot be defimtelv proven In one case the pancreas 
appeared normal on surgical eiploration, and microscupic eiaminatfon failed to 
reveal any abnormality Removal of a part of the pancreas has diminished but 
has not completely abohshed the tendena to hypogfycemia. The paUent no 
longm requires fe^mg at night and can remam free of svmptoms with only three 
meals during the day 
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Dclcnmuatwii of Glucose tii Tissues from Normal ll\pcr~ and Uspoghccmia, and 
Depancreahzed Animals \\rLLL\M TnAmniER, M D , and Marcvret C 
Perk\, a M (b\ invitation), Milwaukee, Wis 

The method used for detennining glucose in tissue is new The accuraev of 
the method was tested bv manv dupheate determinations, b> the rccoven of a 
known amount of glucose added to tissue at vanous steps of the procedure, and 
in other wajs Analvses were made which seemed to give accurate determina- 
tions of “true” and “apparent” glucose in tissues Ver> little vanation in the 
amoimt of “true” glucose in tissues was found m the different conditions studied 

Blood Urobilin Bv hi A Blankenhorn, hi D , Cleveland, Ohio 

Normal urobihn content of human blood has not been desenbed Urobilin 
IS frequently found m the blood under certain pathological conditions in large 
amounts, and is a constant findmg in small amounts in normal unne It has 
been considered a threshold substance By refinement in technique of the 
Schlesmger fluorescence test, human blood can be shown to have a fairly constant 
amount of urobilm The method is desenbed, and the amount as determined 
from one hundred and twentv -eight normals is reported 

The L nloward Effects of Phenylhydrazin in Certain Cases of Polycythemia Vera 
H Z GnriN, hi D , and H hi Conner, hi D (by invitation), Rochester, 
hlinn 

The histones of three patients are presented, in which the use of phenylhj drazm 
was followed by fatal outcome In view of the excellent therapeutic results that 
have been reported in polv’cythemia vera foUowmg the use phenylhydrazin it 
seems wise to utter this word of caution with respect to its use Analvsis is made 
of the charactensbes of the cases m which the drug should be used with great 
caubon, if at all 

Scrum Complement Fixation Tests in Blaslomvcosis and in Manilla Infections 
Bv 0 Garcia, hi D (bv invitation), St Louis, hlo 

Agglutination tests for blastomj cosis have alreadj been desenbed by a number 
of workers A surv ev of the Uterature reveals no successful work on complement 
fisabon in blastomj cosis 

In a senes of experiments both on blastomvcosis and moniba infections, it has 
been possible to dev elop antigens which can be used for complement fixation tests 
Positiv e tests hav e been secured on clmical cases of blastomj cosis and also on 
monilia infections of the mouth, lungs and gastrointestinal tract 

Ammab receiving expenmental inoculations with these fungi dev elop definite 
complement fixing anbbodies 

The Intradcrmal Salt Test in Fever Bj Charles Duden, hi D (bj invitation) 
and David P Barr, hi D , St Louis, hlo 

The intradcrmal salt test has been applied to the studv of fev cr The disap- 
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pcarance time of the intradermally injected salt la regularly diminished in bacterial 
fevers and in fevers caused by foreign protem mjecbon It is unchanged m fe\ ers 
of equal degree produced by external heat 

S^siemtc Buiarmne4ikt Rcaciions in AlUriy Due fo Cold A i?c^orf of Three 
Cases By Bayaed T Hoeten, MJD (by mvitatlon) and Geoecte E Beown, 
MJD , Rochester, Mmn 

This report is ba^ on the studies carried out on three subjects, all exhibiting 
skin disturbances and systemic reactions following exposure to moderate grades 
of cold The reactions were so similar In these cases as to constitute a most 
striking rlinifAl syndrome, which, to our knowledge, has never been reported 
Three cases are reported exhibiting local and general symptoms of cold allergy 
The local effects on the skin were Pallor during the exposure period followed 
by redness, swelling, Increased local heat of the hands after esposure to cold 
Following a latency period of three to four minutes, a charactenstic tystemic 
reaction appeared, which was quite characteristic of that produced by histamme 
There was a fall m blood pressure, a sharp nsc in pulse rate, a tendency to syncope, 
with transitory recovery In fifteen to thirty minutes Complete recovery from 
the local reaction occurred fn twelve to twenty four hours The experimental 
work carried out gave evidence of the chemical nature of these reactions, and 
strongly suggested the release of a histamine like substance in the skin following 
exposure to cold which, when carried m the general orculation, produced a reac 
tion characteristic of histamine These climcal observations are further con 
firmatlon of the work of Lewis and associates on the presence of histamine or 
allied substances m the human skin 

The Relation of the Weather to the Pam of Arthntis By E B REKXsemEE, M JI 
(by invitation), Feances Vaniakt, MJ) (byinvitition) andL G Rownteee, 
M t) , Rochester, Mmn, 

It has been found that m an arthritic medical service, the pain of infectious 
arthritis vanes markedly with the changes in the weather The condition of each 
patient on the service has been reported every day for a >ear On completing 
rounds the doctors on the arthritic service have made a summary of the state- 
ments of the patients and recorded the results At the same time records have 
been kept m the laboratory of barometric pressure and temperature inside and 
outside, humidity, sunshine, the presence or absence of storms and the elec 
trical state 

A remarkable correlation has been found between the pain of arthritis and the 
presence of a storm In fact, there were only two or three storms in the entire 
lear not reflected in the pain of the patienU with arthntis There is also a 
remarkable correlation between the ch^ges in barometne pressure and the pain 
of arthritis A positive correlation in more than 70 per cent and some sort of 
correlation in more than 90 per cent of cases has been observed The amount of 



312 


a 

PROCEEDINGS OF FIRST MEETING 

sunshine also exerascs a marked influence Certain patients claim a capaat\ 
to predict storms by their pain and ha\ e been checked, and one has been found to 
be correct o\ er 95 per cent of the time In patients n ho behev ed that the u cather 
in no u aj mfluenced their pain almost as sinking a correlation w as found at times 
This stud^ bnngs up manj considerations u hich ha\ e largcU been o\ erlookcd bj 
the phjsiaan 

Urinary Proteins B> \\illiam A ThoMjVS, D (b\ invitation), Chicago, 111 
In the production of artificial uremia in dogs, there is obtained a protein in the 
unne which does not ongmate m the blood This protein has been identified 
b\ appropnate preapitation tests as coming from viscera and muscle and is definite 
in Its immunological reactions 

Later, this disappears and is replaced by scrum protein in large quantities 
Demonstration of this protem from several organs has been successful 

Later the process so far breaks down this protein that it is not recognizable as 
such, but combmes with serum protein and is excreted in this combination 
The mechanism of excretion of protem through the kidney damaged or undam- 
aged IS discussed and it is believed that the kidncv is not permeable to protein 
which belongs in the circulation of that species but is e-xcreted only when altered 
b\ chemical, osmotic or other factors to such an extent that it is no longer the 
normal serum protein of that organism and that the liver protein combines with 
serum protein as a mechanism of detoxication and excretion 

Symptomatic Relapses During Liver-Induced Remissions in Pernicious Anemia 
Bi Cxmcs C Strugis, INI D , and Raphael Isaacs, IM D (bv invitation), 
Ann Arbor, INIich 

Manx patients wath pernicious anemia whose blood has returned to normal 
while taking fixer or an adequate fiver fraction, expenence, dunng the months 
following the dex'clopment of the remission, certain sxmptoms which are similar 
to those of a beginning relapse These include nausea, loss of appetite, w eakness, 
nerxousness, diarrhea or constipation, increase m “numbness” of hands and feet, 
sore tongue and ease of fatigue If the lix^er or liver extract is continued until 
these sxmptoms pass aw ax or decrease, a true “hematological” relapse is pre 
xented Some patients discontinue the lix'cr at this time and the anemia reap 
pears It is exndent that the actix e fiver component acts by supplying a substance, 
the poxx er to elaborate which has been lost, and is never regamed The treatment 
is sxmptomatic and does not influence the fundamental disease process The 
penodiatx of the relapses and remissions remains a characteristic, even though 
the blood (and bone marrow) have been restored to normal function 
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COMPOSITION OP THP DIETS E.MPI,0\ED 


Dtd A 


«*ltnt»QCC 

W eight 

I^t£tO 

1 

F«t 

1 

' C*rb»* 
hydrate 

1 

Ctlorirt 

' c« 

P 


Cr4fU 

1 trams 

1 (rams 

1 rams 



1 ra»* 

1 irams 


1 100 

1 » 

4 

10 

5 

i 

14S 

0 

1 0 

067 

0 

ISO 

l^rcnd 

50 

2 

8 

0 

4 

15 8 

77 

7 

0 

008 

0 

028 

Butler 

10 

0 

1 

8 

5 


76 

9 

0 

002 

0 

002 

Lettuce 

30 

0 

4 

0 

1 

0 9 

5 

7 

0 

013 

0 

013 

Fresh tomato 

50 

0 

5 1 

0 

2 1 

2 0 ' 

11 

5 

0 

006 

0 

013 

Sugar 

10 





10 0 

40 

0 






20 

2 

7 

2 

1 


29 

6 

0 

013 

0 

030 

Crtorn (ISpcrccnt)' 

100 

2 

5 

IS 

5 

4 5 

195 

0 

0 

0S6 

0 

067 

Total 

22 4 

^40 3 

33 2 

1 5S4 4 

0 195 

1 0 339 


ERRAimi 

WTien faimllng Hus ralumc insert the atUched tables Id I'olunie MI, Number 1 
after page 96 


Did C 


•^biteoce 

ttetebt 

IVotelii 


Carbo- 

hydnte 

Caloikt 

C* 

P 


trawu 

eg' 


r»« 


(rams 

iroMU 

Egg 

50 

67 



74 0 

0 034 

0 090 

Egg yolk 

100 

15 7 

33 3 


363 0 

0 137 

0 567 

Cream (ISperccnt) 

SO 

13 

9 3 

2 3 

77 5 

0 073 

0 017 

Sugar 

10 



■uQ 

40 0 



Apple 

100 


0 5 

14 2 

63 0 

0 007 


Eggwtule 

30 

3 7 

0 1 


IS 3 

0 005 


Shredded B heat 

35 

4 2 

0 6 

26 3 

127 8 

0 014 


3[ak 

200 

6 6 


10 0 

138 0 

0 240 

0 186 

Sugar 

10 



iBD 




Total 

38 6 

57 1 

72 8 

958 6 

0 480 

0 939 
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CVLCIUM \ND PHOSPHORUS JtLT\UOLISM 


Did D 


Substance 

eight 

rrolem 

Fat 

Carbo- 

bj-dratc 

Calories 

Ca 

r 


^rarru 

trams 

trams 

trams 


iTrami 

trams 

Tgg (whole) 

170 

25 S 

17 9 


251 6 

0 1139 


Egg(t\hitc) 

30 

3 7 

0 1 


15 3 

nMUSH 


Egg 6 oik) 

100 

15 7 

33 3 


363 0 



Cream (IS per cent) 

110 

2 S 

20 4 

5 0 

214 5 



Sugar 

30 



30 0 

120 0 



\pp!e 

100 

0 4 

0 5 

14 2 

63 0 



Milk 

700 

23 1 

2S 0 

35 0 

4S3 0 



Shredded AYheat 

35 

4 2 

0 6 

26 3 

127 8 



Butter 

50 

0 5 

42 5 


384 5 



Tenderloin 

100 

16 2 

24 4 


284 0 


0 1725 

Lettuce 

40 

0 5 

0 1 

1 2 

7 6 


0 0168 

Asparagus 

100 

1 8 

0 2 

3 3 

22 0 


0 0390 

Bread 

SO 

7 4 

1 0 

42 2 

207 2 


mu 

Cclco 

40 

0 4 


1 3 

7 6 



Cauhflower 

100 

1 8 

0 5 

4 7 

31 0 

iImB 

0 0610 

Banana 

100 

1 3 

0 6 

22 0 

99 0 


0 0310 

Total 





1 45 

2 1023 

\nalyzcd 

0 994 

I 756 


Did L 


Substance 

Weight 

Protein 

.1 

Fat 

Carbo 

hydrate 

Calories 

Ca 

B| 


trams 1 

grams 

gratTis 1 



frontr 

mm 

Apple 

330 

1 3 

1 7 


207 9 

0 0231 


Sugar 

39 




156 0 



r gg white 

120 

14 8 

0 2 

1 

61 2 

0 0180 

0 0168 

Cream (40 per cent) 

195 

4 3 

78 0 

5 9 

743 0 1 

0 1677 

0 1307 

Bread 

195 

18 7 

2 7 

99 6 

498 3 

0 0527 

0 1814 

Butter 

75 

0 8 

63 8 


576 8 

0 0113 

0 0128 

Total 

39 9 




0 273 

0 581 

Anah zed 

0 218 

0 345 


































STUDIES OF SERUM ELECTROLYTES 
IV The Chlohide and Nitrogen Balances, and Weight Changes 

IN Rnehuoniai 
B y F WnXIAil SUNDEKMAN’ 

(From Iko John Berr iftmor Deparlment of Restarch ifedidne, Untverstty of Pennsyl- 
vanus and the Medical Wards' of the Pennsyloania Hospital Philadelphia) 

(Received for publication October 30, 3928) 

In an earlier study ( 1) data were presented on the changes m the 
blood serum during the course of lobar penumoma It was found 
that the concentration of total base, chlonde, and protem m the 
serum was usually decreased dunng the active infection FoUowmg 
the crisis these concentrations returned to their normal values, the 
chlonde less rapidly than the total base The low excretion of chlonde 
m the unne dunng the precntical penod has long been known and 
the inference has been drawn that there is a correlation between the 
urmary excretion and the serum concentration No satisfactory 
explanation of the mechanism of the change m composition of the 
serum or of the decreased urinary excretion of chlonde has been 
established, but from studies m the hterature it has often been inferred 
that dunng the precntical penod the body tissues retam chlonde 
which IS subsequently released dunng the epicntical penod In an 
attempt to obtam data on factors concerned in these changes, studies 
of the mtake and output were undertaken m patients suffermg with 
lobar pneumoma 

To review completely the very extensive literature upon the chlonde concen 
tration of the serum and urine in pneumonia seems unnecessary amce ibl< has 
been done by many authors, notably by Hutchison (6), Von Moracrewski (8), 

' Aided by a grant from the Ella Sachs PloU Foundation for the Advancement 
of Saentific Investigation. 

’ Robert M Glrvin Fellow in Research Medicine. 

* Service of Dr George \V Noms 
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CHLORIDE \KD IsTTROGEN B\H\KCE IN RNEir\IOM\ 


Garratt (7), and Peabody (9) The conclusion of the earlier workers thatchlonde 
w as retained m the body dunng the febnie penod arose chiefly from the observ a- 
tion that the addition of chlonde to the diet dunng this period was not accom- 
panied by a corresponding increase of chlonde excretion These observations 
were later supplemented by analyses of tissues and studies of chlonde balance 
Von Moraczewski (S) reported 18 cases of pneumonia in which dady amounts of 
chlonde, mtrogen, phosphorus, and calcium in the food, unne, and feces were 
determmed Only three tunes m his senes, tw ice when the food intake w as \ en 
small and once when calcium phosphate was administered, did he find the daiK 
excretion of chlonde in the unne and feces in excess of the daiK intake of chloride 
He obseri^ed that although the excretion of chlonde in pneumonia parallels in 
general the intake of chlonde, nevertheless, an excessive ingestion of salt was not 
accompamed bv the normally prompt excretion 

Hutchison (6) reported 4 cases that excreted less chlonde in the unne during 
the febnie penod than was taken with the food, but these patients received from 
1 0 to 7 5 grams of chloride per day Hutchison found no evidence from tissue 
analyses that chlonde tended to accumulate in any particular organ dunng 
pneumoma, but rather that all of the organs seemed to contain somewhat more 
chlonde per umt of weight than normally 

In order to detennme how much chloride could be retained in the pneumonic 
exudate, Peabodv (9) analy'zed the lungs m tw o cases of pneumonia in which one 
lung was normal and the other hepatized He found that a retention of about two 
grams of sodium chlonde could be credited to the pneumonic lung The skin of 
pneumoma patients showed no sigmficant increase m its salt content Von 
Hossbn (10) averaged the percentile concentration of chloride m normal and pneu- 
monic lungs from his owTi data and from dataof Jansh (11), Mcillere (12), Hutchi- 
son (6), and Terray (13) and found that the mean sodium chlonde concentration 
m pneumonic lungs in 14 observations was 0 343 per cent of fresh weight and in 10 
estimations in normal lungs, 0 331 per cent Taking the weight of a normal lung 
at 250 grams and a hepatizcd lung at 1250 grams, there would be an increase of 
about 3 5 grams of sodium chloride in the latter 

Sandelow skv (2) gav 6 from 3 to 36 grams of sodium chlonde in 3 day s to patients 
conv alesong from pneumonia He used himself as a control and observ'cd m the 
pneumonia patients a greater dclav in the excretion of the sodium chlonde 
Pngge (14) upon mjectmgfrom 100 to 150 cc. of a 25 per cent solution of sodium 
chlonde mtravenously into patients dunng the prccntical penod of lobar pneu- 
moma also observed a laggmg m the excretion of the chlonde, although the blood 
concentration fell the day following mjcction and thus behaved as in normal 
mdivnduals 

Holtcn (15) fed pneumonia patients during the precntical penod a diet which 
contamed between 6 and 7 grams of sodium chlonde daily and found that less than 
the corresponding amount of chlonde was excreted m the unne until about the 
time of crisis 
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Leyden (5) in 1869 was perhaps the first to study weight changes m pneumonia. 
He observed in his patients an increased loss of weight through the ekin and lungs 
during the febrile period and a rapid loss following the crisis. Sandelowsky (2) 
studied the body ■^^ghts mil cases of pneumonia. In 7 cases the body weight 
either mcrcased sU^tly dunng the precntical period or re m ai n ed constant, where 
as, after the crisis the weight fell more or leas rapidly, m4 there was a continued 
decrease in weight during the febrile and afebrile periods 

Gamier and Saboreanu (3) observed that pneumoma patients do not always 
lose weight in the early stages of the disease but that even with a small food intake 
they sometuncs gam weight The gam in weight in their cases did not gcnenill> 
exceed 500 grams per day hut was m one instance os high as 2000 grams in three 
days With fall in temperature the ^^•elght dropped In children suffenng wdth 
pneumonia the gain m weight before the crisis would appear to occur more fre 
qucntly th^r i m adults Lussky and Fnedsteln (4) observed in their scries of 
children that the i\'eight remained constant or was increased before crisis, but was 
decreased with the disappearance of fever Only one out of their 28 cases occur 
ring in cluldren failed to show loss of weight following the crisis 

MATERIAL AND METHODS 

These studies were carried out on seven patients with lobar pneumonia In 
five patients study was commenced between the fifth and eighth days of the disease 
Two patients, selected because they were admitted on the third day of the disease, 
were treated with large doses of sodium chloride by mouth The period of in\'esti 
gallon for each patient was from 2 to 1 1 days and except m one fatal case extended 
1 to 8 days following the crisis The patients selected were young adult males 
who bad all been healthy before the onset of pneumonia. In addition two normal 
mdividuals were followed by sunDar methods of study for 48 hours on a diet com 
parable with that received by the patients. The normal individuals were sub- 
jected each day to a cabmet light bath designed to promote a loss of water through 
the skin which would approach m magmtude that occurring In the patients 

On admission the patients were placed in a speaal metabolic room and were 
under constant observation during the period of study one patient or occasionallv 
two bemg studied at a time Each raormng at 7 o'clock the patient was weighed 
A silk scale of the type proposed b> Benedict and Root (16), which weighs accu 
ratciy to 10 grams, was used and was fitted with on especially constructed thm 
sfretefaer With the exception of the first 2 days of study in Case B3, no patient 
received any food for at least 8 hours before weighing time, and none received 
water or food between 530 and 7 o'clock m the mommg The patient was en 
couraged to defecate and void during the half hour before weighing If unable to 
^oid, he was cathetenxed 

The daily intake consisted of weighed amounts of the following mgredicDls 
milk, grape Juice, tea, canned tomato and pea purees, tnscuit, sugar, salt and 
w ater The diet corresponded to the type given to the hospital patients suffering 
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from lobar pneumonia but was designed to contain articles which have an approxi- 
mateh umform chemical anal%sis Anab-scs of the commcraal foods were fur- 
nished to us by the respective manufacturers, these were supplemented bv our 
own analvses and by values taken from the Food Bulletm of the Connecticut 
Agncultural Expenraent Station (17) The chlonde content of the foods was 
analyzed 

In one patient (B3) a high caloric diet consisting of cream, milk, eggs, and malted 
milk w as giv en f or 2 days 

Enemas that w ere given contained small amounts of soap 

The collected measured output included unne, feces, sputum, and blood re- 
moved for analysis These w ere w eighed to a gram Toluol w as used to preserv'e 
the unne The excreta were kept refngerated An attempt to collect the sweat 
was unsatisfactorj' 

The drv weights of excreta and the nitrogen contents of the urine and feces 
were determmed The total amount of mtrogen excreted per day in the sputum 
was found in two analyses to be neghgibly small The chlorides were analj^ed 
according to Van Slyke’s method (18) in serum and food and Volhard’s m unne 
The Kjehldahl method was used for mtrogen determmation 

RESULTS 

In table 1 are given data on the food intake, mtrogen and chlonde 
balance and changes of weight The day of cnsis is designated as 
the zero day and days before and after as — and -f respectively An 
estimate of the calonc requirement has been made from normal basal 
standards for weight and age with an addition for fever, estimated by 
the average percentile increase of metabolism per degree increase 
of temperature from Du Bois' data (19) and an added 10 per cent 
dunng the precntical penod The calonc value of the diets was 
consistently low and the mtrogen balance markedly negative An 
attempt to increase the intake of food in patient B3 led to senous 
t>Tnpanites and for this senes of studies such attempts were not 
repeated Patients B6 and B7, who were given large doses of sodium 
chlonde, took more food spontaneously dunng the precntical penod 
without deletenous s}inptoms 

Weight changes 

Loss of weight was usually present in both precntical and post- 
cntical penods as would be expected with such an inadequate diet 
In table 2 is shown the relative daily loss of weight in grams per 
kilogram of imtial weight and the negative mtrogen balance per kilogram 
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of imtial weight for the patients studied and, for comparison, similar 
data from a senes of fastmg experiments from Benedict’s (20) collec- 
tion of studies The weight curve dunng the postcntical penod of 
BS was possibly modified by the development of a pleural effusion 
B6 and B7 received large amounts of NaCl which m B7 were poorly 
excreted and led eventually to shght visible edema Patients B3 and 
B4 exhibited mcreased loss of weight foUowmg the cnsis assoaated 
with unchanged or with less negative mtrogen balance and less calonc 
defiat A sTmilnr mcreased loss of waght followmg the cnsis was 
noted by Leyden (5) and mterpreted by him to mdicate precntical 
storage of water and postcntical release The behavior of the weight 
curves resembles that observed m fastmg studies The fluctuations 
m the rate of loss of weight from day to day can be approximatelv 
duplicated m fasting studies Partial inambon is evidently an 
important factor m mduang the observed changes m weight with 
apparently additional factors dummdung the rate of loss of waght 
before the cnsis, and mcreasmg it after the cnsis 
That mtrogen equHibnum is not mamtamed mjmeumoma has been 
demonstrated by many workers, mduding von Moraczewski (8), 
Cook (21), and Leyden and Klemperer (22) The negative mtrogen 
balance m the pneumoma patients was higher than m fastmg subjects 
doubtless because of the greater metabohsm m the former The loss 
of waght per milhgram of negative mtrogen balance was less m the 
precnbcal penods m all the pabents and throughout the study of BS 
and m the two subjects receiving salt than in the fasbng subjects 
This might be considered mdirect evidence of relabve retenbon of 
water dunng the precnbcal penod In the postcnbcal penods of 
B3 and B4 the loss of weight was closely comparable with that 
observed in the fastmg subjects 


Excretion through shn and lungs 

In table 1 arc given the data on the unnary loss of water and the loss 
of weight through skm and lungs. The loss of water through skin 
and lungs is equal to the total bss of waght through skm and lungs 
’between waght of CO, given off and of O, 
absorb^ through the lungs This deference of waght is about 
75 ±75 grams per day It is evident from these data that from 25 
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A\engc of maximum and minimum temperatures for the day 



TABLE! 

Weight and nUrogen halcMU in pneumonia and »» fasting subjects (from literature) 



Suca 

3rd to 12th 1 

9 2 

iflfH 

1 6 

169 

242 

118' 

55 

1 00 


3rd to 12th 

7 9 

15 9| 

1 6 

151 

214 

110 

52 

1 00 


3rd to 12th 

7 2 

■Tiia 

+1 & 



J 


1 00 


3rd to 12th 

7 9 

17 5 

+1 6 

114 

154 


69 

1 00 


3rd to 12th 

8 1 

14 3 

+4 8 





1 00 


3rd to 12th 

8 4 

24 6 






1 00 


3rd to 12th 




129 

155 

88 


1 00 


3rd to I2th 

6 2 

9 7 

4 2 ' 

1 




1 00 

Jacques 

1 

3rd to 12th 

7 3 


+3 2 





1 00 

BeaaU 

3rd to 12th 

6 7 

12 3 

0 

157 

208 

127 

43 

1 00 

Schenk ^ 

3rd to 12th 

S 5 

12 5 

1 8 

114 

141 

78 

48 

1 

1 00 

L 

3rd to 12th 

7 1 

12 S 

1 8 

172 

195 

161 

41 

1 00 


Pneumoiua 
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per cent to as high as SO per cent of the total m ater output in these 
subjects IS b\ v.ay of the skin and lungs This is correlated of course 
\nth the ^^slble sw eatuig obser\ ed through much of the penod studied 
Such \nsible su eating precludes the possibihty of calculating metabo- 
lism by the method of Benedict from the loss of weight through skin 
and lungs ^Marked increase in loss of weight by skin and lungs just 
at the time of the cnsis u as not an outstanding feature of our cases 
The high skin-lung loss of weight in the normal subjects, B8 and B9, 
w as the result of a daily cabinet bath 

It is noteworthy that although the normal subjects B8 and B9 
forced dnnking of water to the pomt of discomfort they did not 
attain the level of water intake and water output reached by the 
pneumonia patients wnthout any espeaal persuasion 

Chlonde balance 

Our chlonde balance studies may be divided into tw'o groups con- 
sisting of four patients (Bl, B2, B4 and B5) who received no unusual 
form of treatment, and three patients (B3, B6 and B7) two of w'hom 
were given excessive quantities of salt (B6 and B7) and the other (B3) 
who was given a relatively high calonc diet during the first two days 
of observation The chloride in the daily intake of food, w’ater, and 
enema was measured as well as the chloride output through the urine, 
feces, sputum, and blood removed for analysis An allowance of 
±2 per cent has been made for maximum error 

The attempt was made to collect sweat for chlonde analysis 
Stnps of lint w hich had been Avashed free from chlonde wnth distilled 
water were tied on to the patient’s forehead, axillae, and nape of the 
neck At frequent mterv^als the entire body was dned with otlier 
stnps However, it proAcd impossible to obtain satisfactory collec- 
tions by this method The best data relative to sweat m pneumonia 
that was found was that of Schwenkenbecker and Spitta (23) These 
m\ estigators placed patients on a rubber cloth washed free from 
chlonde and covered them with chlonde free hnen After 24 hours 
the> washed the indixndual and covenngs first with water, then with 
alcohol, and determined the chlonde content of the fluid collected 
Their conclusion that not more than 1 gram of sodium chlonde was 
excreted daih in the sweat in diseases with profuse sweating such as 
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pneumonia is consistent wnth the present observations, for although 
the collections of sweat m this study were unquestionably mcomplete, 
the TTinYimuTTi daily recovery which was obtained m 19 attempts was 
0 27 gram NaCl To allow for the chlonde m the sweat 0 S gram NaCl, 
with an allowance for error of ±0 5 gram, was arbitrarily added to 
the measured daily output of chlonde 

In table 1 are presented the mdividual daily chlonde balances The 
total daily output mdudes the allowance for sweat The balance is 
designated as positive when the intake exceeds the output 

The first group of our cases (Bl, B2, B4 and B5) showed daily 
chlonde loss durmg the precntical penod Even assummg that no 
chlonde was excreted in the sweat, the chlonde balance was negative 
durmg 8 out of 10 cntical and precntical days m these patients In 
B3, B6, and B7, on the other hand, there was a daily retention of 
chlonde IS out of 17 cntical and precntical days The 2 days m 
which the balance was negative m this group occurred in B3 on the 
— 1 and 0 day at a tune when very httle food was taken Case B3 
had been given a relatively high calonc diet on the —3 and —2 days 
of his disease which had to be discontmued on the days following on 
account of tympamtes After the crisis m the first group and m B3 
there was retention of chlonde durmg the first 4 days Durmg the 
same penod B7 showed a deflmte loss of chlonde and B6, fluctuations 
m the balance 

This evidence suggests that more chloride is excreted than ingested 
dunng the precntical penod in lobar pneumoma when the patients 
receive no forced diet or excessive quantity of salt and that the 
situation IS reversed when larger quantities of chlonde are given 

A question which arises m considenng the chlonde balance is its 
relation to gam or loss of body water Associated with a gam or loss 
of body weight we may properly expect a positive or negative chlonde 
balance respectively Takmg 35 mM per kilogram of body weight 
as the mean concentration of chlonde m the body as a whole, we may 
approximate an exjiected chlonde balance from a given change m 
weight This has been done subject to an allowance of SO per cent 
for error and the mcrcase or decrease of chlonde so estimated from 
the change in weight has been designated m the table as ex peeled 
chlonde balaitce 
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The difference between the chlonde balance and the expected 
chlonde balance has been indicated merely in a directional manner 
m the table as the dmly relahjc chlonde balance The direction of 
this quantity has been indicated by + and - signs where the difference 
has exceeded the sum of the allowances for error It must be under- 
stood that this relative chloride balance is an approximation with respect 
to mcrease or decrease in the mean chlonde concentration in the 
body as a whole 

B2 and B4 appear to have had defimtely a relative chlonde loss 
durmg the precntical penod, B3, B6, and B7, a relative chlonde gam, 
and withm the large allowance for error, Bl and B5 had neither clear 
gam nor loss Durmg the first 4 days foUowmg the cnsis a relative 
gam m chlonde was apparent in Bl, B3, B4, and B5 In B6 and B7 
the diminished chlonde intake after the cnsis makes it useless to 
attempt mterpretation of that penod 

It would appear, therefore, that m the pneumonia patients who 
received a small mtake of chlonde per day the mean concentration 
of chlonde m the water of the body either remamed unchanged or 
decreased durmg the precntical penod, whereas after the cnsis it 
mcreased In those patients who received a larger mtake of chlonde 
there was a gam m the mean concentration of chlonde m the body 
before the cnsis and either a gam or loss after the cnsis 

Clinical obseroatians on four lobar pnennionta patients receiving excessive 
amounts of sodium chloride 

Because of the decreased excretion of chlonde m the unne sodium 
chlonde has been given by many therapeutically, often by hjpiodermo- 
dysis Haden (24) suggested that sodium chlonde should be adminis- 
tered orally to aU patients with lobar pneumoma to keep the blood 
chlondes near the normal level He gave 74 grams of salt m 4 days 
to one patient in addition to that taken with food Dunng these 4 
days only 7 23 grams were excreted m the unne The concentration 
of chlonde m the blood was betw een 62 and 67 mlM per liter follow ed 
by a subsequent nse to 82 mlM , whether related or not to the crisis 
IS not stated Later Haden (25) reported the chmeal course and the 
blood and urmarj’’ chlonde anatyses m three cases of lobar pneumonia 
receiving excessive quantities of salt Except in one case the cxccssu e 
salt intake was not dearly assoaated with a nse m the blood chlonde 
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TABLE 3 


Sentpt cfiantfs tn casts on ordinary diti and tn cases receiving extra salt 




Dtjr of 
diMM 
from 

Totnlbue 


Serum protein 


Cw 

number 

Type of oTfinlim 

Chemi- 

cal 

deter 

mined 

117 X 

fovn 
come ted 
cofldem 

Urity 

Senmx 

chioride 

Seram 
total 
nitre t«n 
X6i3 

Serum 

protein 

(rafracto- 

metric) 

Serum 

tpecific 

grarlty 




/er W*r 

Mv£< 

ftrUter 

MjSf 

litir 

fra MX 

terUler 

(r*wu 

^liler 

20K120*C 

B1 

Pneumococcus 

-1 

136 

140 

85 

79 

74 

1 0232 


Type IV 

0 

140 

144 

85 

70 

76 

1 0285 



+2 

144 

146 

85 

72 

76 


B2 

Pneumococcus 

-3 

14<) 

144 

92 

70 

65 



Type m 








E3 

Pneumococcus 

-3 

148 

145 

87 

75 

76 



Type IV 

-2 

149 

149 

91 

75 





+1 

146 

153 

89 

78 

88 




+3 

143 

151 

94 

73 

74 




+6 



99 

78 

81 




+8 

157 

156 

97 

77 

78 


B4 

Pneumococcus 

-2 

166 

154 

99 

67 

53 



Typen 

-1 

158 

146 

88 

55 

62 




0 

158 

142 

84 

65 





+1 


146 

86 

65 

63 




+3 

149 

153 

93 

71 

86 




+5 

143 

146 

95 

75 

78 




+7 


153 

96 

76 

so 




+9 

148 

150 

95 

76 

81 


B5 

Pneumococcus 

-3 


146 

91 

70 

70 



Typel 

-1 

146 

142 

87 

67 

68 




+1 

138 

146 

86 

71 

80 


B6* 

Pneumococcus 

-5 

137 

151 

83 

63 

62 

1 0235 


Type IV 

-3 

143 


89 

65 

60 

1 0234 



-2 

146 


95 

59 

56 

1 0234 



0 

140 

149 

99 

64 

59 

1 0240 



+2 

149 

151 

95 

66 

65 

1 0239 



+5 

149 

150 

91 

72 

71 

1 0247 


Case* receiving salt tbeiapy 
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TABLE 3 — Concluded 


1 

CcL5e 1 
number 

Type of otEamsm 

Day of 
disease 
from 
crisis 

Total base 

Seram 

chlonde 

Serum protein 

Serum 

specific 

giasity 

Chcmi 

CflU> 

deter 

mined 

1 17 X 
serum 
corrected 
conduc 
tinty 

Serum 
total 
nitrogen 
X6 25 

Serum 

protein 

(refracto- 

metnc) 





m 

tn Ee; 

trams 

framr 





per liter 

prr liter 

per liter 

per liter 

per liter 


B7* 

Pneumococcus 

-6 ’ 

142 

155 

90 

74 

72 



Type m 

-4 

143 

151 

93 

80 

63 


1 

1 

-3 1 

143 

152 

99 

66 

60 1 




-1 

161 

159 

lOS 

64 

59 




4-1 

155 

159 

104 

64 

59 

i 1 0240 



1 +4 

153 

152 

98 

69 

62 

1 0226 

BIO* 

Pneumococcus 


142 

146 

93 

76 

76 

1 

I 1 0281 


Tjfpe rv 

1 -4 

155 

153 

100 

71 

73 

1 0266 



-1 

163 

169 

99 

75 

84 

1 0290 



H 

148 

151 

101 

65 

65 

1 0230 

Bll* 

1 

H 



91 






-1 



91 






+1 



101 





In a previously reported senes of cases (26) no outstanding change 
was found in the serum chlonde concentration or chmcal course in 
patients receiving doses of sodium chlonde with the food A statis- 
tical analysis of the serum chlonde concentrations in those patients 
showed no significant deviations from the values observed in patients 
not receiving extra salt However, m the present study, where 
considerably more salt was given, mcrease in the serum chloride 
concentration is suggested m three cases In the patients not receiv- 
mg salt the concentration of serum chlonde decreased until the time 
of cnsis in 6 out of 8 patients (cases reported in 1926 (1) and present 
cases not recemng salt therapy) , whereas, in 3 of the 4 cases receiving 
large quantities of salt the serum chlonde concentration progressively 
mcreased until the crisis after which salt adnumstration having been 
stopped. It fell This is shoan m table 3 With the administration 
of these larger amounts of salt certain chmcal effects have been 
obsen'^ed v.hich wiU be described 

In the present group of four patients, each patient received in divided 
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doses from IS to 30 grams of sodium chlonde per day m the form of a 
13 5 per cent sodium chlonde solution The patients objected sur- 
pnsingly httle to these large doses 

Abdominal dislenlton 

All four of the patients appeared to have less abdominal distention 
after salt was given The abdomen became soft and reqmred less 
use of stupes or other measures designed to reheve distention The 
patients took a shghtly higher caloric diet than those not receivmg 
salt, perhaps because of the diminished t 3 nnpanites In view of the 
mcreased metabohsm m pneumonia, it may be accepted that a higher 
calonc diet than is ordmarily given would be desirable provided the 
patients could tolerate it A higher calonc diet without extra salt 
was tned m B3 but had to be abandoned on account of the abdormnal 
distention which developed 

Sputum excretion 

In 14 precntical observations in pneiimoma on patients who were 
receivmg no chlonde therapy the average amount of sputum collected 
was 55 grams per day contaimng 3 7 mM of chlonde per day In 
13 precntical obsenations in patients receiving large quantities of 
salt, the excrebon of sputum averaged 91 grams pier day and contamed 
11 2 mM of chlonde per day In the pabents not given salt the 
chlonde concentrabon m the sputum was 67 mM per kilogram, 
whereas under larger salt mtake it became 124 mM per kilogram, a 
higher concentrabon than was present m the serum The fact that 
the concentrabon was higher than m serum may simply be the result 
of evapxirabon of water m the respiratory tract . 

These facts suggest that the retenbon of chlonde observed dunng the 
preenbeal pjenod when large amounts of salt were given, may m part 
be explamed by the increase of chlonde in the pneumonic exudate 

Temperature 

The temperature curve m the pabents studied appeared to descend 
m a general way to a lower level when large doses of salt were given 
Whether this was inadental can only be deaded on the basis of a 
large senes The tempierature mstead of varying between 101° and( 
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104° became less fluctuating m tJT)e and \aned between 99° and 101° 
No other drugs than sodium chlonde and occasionally codeine sulphate 
were given to three of the patients, the other, BIO, received chloral, 
barbital, and sodium bromide on several occasions In cases B6 and 
B7 the temperature did not remain continually within the normal 
range until after the first week follo-inng what we considered to be 
the cnsis 


Compbcatwjis 

In three of the four patients postcntical pleural collections and 
unresolved pneumomc areas were suspected from physical signs and 
x-ray studies The patients presented elevations of temperature and 
moderate leucocytosis after the cnsis The signs were never suffi- 
aently defimte to necessitate aspiration and the abnormal chest 
findings disappeared in the course of about a week As a result, 
however, convalescence was protracted by approximately a week 

In studies now in progress there has been substituted for large 
doses of NaCl a salt mixture contaming per diem KCl, 6 grams, 
NaHCOj, 5 9 grams, MgQj, 1 2 grams One-half of this mixture when 
added to the ordmary food mtake of the patient provides a mean 
normal salt ration The calonc value of the diet has also been in- 
creased by 500 to 1000 calones with beverages contammg 10 per cent 
glucose 

I wish to express my gratitude to Professor J Harold Austm for 
his ad\ace throughout these studies 

SUMMARY 

The total daily mgesta and egesta have been measured before and 
after the cnsis m a senes of seven patients suffermg with lobar pneu- 
moma The body weight, nitrogen and chlonde balances were deter- 
mmed daily The loss of v eight and inadequacy of the diet have been 
described and discussed Partial inanition was an important factor 
m inducmg the obsen'-ed loss of weight, although additional factors 
appeared to dimimsh the rate of loss of weight before the cnsis and 
to increase it after the cnsis The negative mtrogen balance m the 
pneumoma patients v as higher than in fastmg individuals 
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Patients receiving the usual low caloric diet without extra salt 
exhibited before the cnas a negative chloride balamce, the excretion 
exceeding the mtake This was true m spite of the extremely reduced 
excretion m the urme After the cnsis when more food was bemg 
talen, chloride excretion m the urme mcreased, but, nevertheless, 
there was usually a positive chlonde balance Patients who received 
a larger mtake of chlonde durmg the precritical penod either from a 
more hPieral diet or from large doses of salt had precnbcal retention 
of chlonde. 

The chlonde balance has been considered also m relation to the 
change in body weight In patients receivmg a small mtake of 
chlonde, the mean concentration of chlonde m the body appeared to 
be decreased before the crisis and mcreased after the crisis , whereas, 
m patients receivmg a larger mtake of chlonde (5 to 30 grams NaQ 
daily) the mean concentration of chlonde m the body appeared to be 
mcreased before the crisis and decreased after the cnsis when the 
chlonde admimstration had been stopped 

The present studies of the chlonde balance do not support the view 
that pneumoma is characterized by a retention of chlonde durmg the 
precntical penod, but rather that it is characterized durmg the pre- 
cntical penod by a dimmished capaaty of the body to conserve 
chlonde on a low mtake of chlonde and a dimini shed capaaty to 
excrete chlonde on a high mtake of chlonde After the crisis the 
chlonde balance becomes restored to normal from whichever deviabon 
had earher developed 

The dimcal picture observed in four patients who recaved large 
doses of sodium chlonde precntically has been descnbed 

BIBLIOGRAPHY' 

1 Sunderman, P W , Austin, J H , and Camack, J G , J CUn. Invest, 1926, 

in, 37 Studies in Scrum Electrolytes I Concentration of Electrolytes 

and Non.eIcctrolyte3 m the Serum during Lobar Pneumonia. 

2 Sandeloivsky, J , Heut Arch f Klin Med , 1909, icvi, 445 Blutkonzentra 

tion bei Pneumome. 

3 Garnler, M , and Sabateanu, G , ConipL Rend Soc. de Biol , 1904, Ivi, Ed 1, 

1032 Des Modifications du Poids dann la Pneumome 

4 Lu3sk>, H O , and Fnedstein, Hugo, Am J Dls. Child., 1920, xii, 337 

Water Retention In Pneumonia. 



330 CHXORIDE KETROGEK BAL/\NCE IN PNEUMONLV 

5 Lev den, E , Arch f Klin Aled , 1869, v, 273 Untersuchungen uber das 

Fieber 

6 Hutchison, R , J Path and Bact , 1898, v, 406 Chloride IVIetabolism in 

Pneumonia and Acute Fevers 

7 Garratt, G C , Medico-Chirurgical Trans , 1904, kxxvu, 163 Observations 

on ^letabolism in the Febrile State in Man 

8 ■\’'on Moraczeirski, AV , Ztschr f klm Med , 1900, xxxix, 451 Stoffwechsel 

bei Lungenentzundung Emfluss der Sake auf den selben 

9 Peabody, F W , J Evper Med , 1913, xvu, 71 Studies in the Inorganic 

Metabolism m Pneumonia with Especial Reference to Calaum and 
Magnesium 

10 Von Hosshn, H , Arch f khn Med , 1908, xcm, 404 Der KochsalzstofT- 

wechsel bei Pneumome 

11 Jansch, AVien med Jahrbucher 1877, p 39 (Quoted from v Hbsslm (13)) 

12 Meillere, Compt rend d Soc Biol , 1901 Im, 346 (Quoted from v Hosshn 

(13)) 

13 Terray, v , Ztschr f khn Med , 1894, xxvi, 346 Veranderung des Chlor- 

Stoffwechsels bei acuten febrilen Erkrankungen 

14 Prigge, R , Deut Arch f khn Med , 1922, cxxxix, 1 Die Wirkung der 

mtravenosen Zufuhr grosser NaCl-Mengen bei Pneumome und beim 
Gesunden 

15 Holten, C , Arch Int Med , 1926, xxxvm, 489 The Formation of Organic 

Aads and the Retention of Chlorides m Lobar Pneumonia 

16 Benedict, F G, and Root, H F,Arch Int Jticd , 1926,xxxviii, 1 Insensible 

Perspirabon Its Relation to Human Ph> siologj and Patholog> 

17 BuUetm 286, Connecticut Agricultural Experiment Station, part I and II, 

1926 

18 Van Sljke, D D , J Biol Chem , 1923, Iviu, 523 The Determination of 

Chlorides m Blood and Tissues 

19 DuBois, E F , Basal jMctabolism m Health and Disease Philadelphia, 1924, 

p 332 

20 Benedict, F G , Pub Carnegie Inst , A\ ashmgton, 1915, No 203, pp 72, 73, 

249 A Stud> of Prolonged Fasting 

21 Cook, H W , Bull Johns Hopkins Hosp , 1902, xiu, 307 Nitrogen Excretion 

in Pneumoma and its Relation to Resolution 

22 Lcjden, E V , and Klemperer, G , Handbuch der Eniahrungstherapic, 1904, 

11 , 345 (Quoted from Lusk’s Saence of Nutrition, 3rd ed , p 520 ) 

23 Schwenkenbecker and Spitta, Arch f axper Path u Pharra , 1907, Ivn, 284 

Ueber die Ausscheidung v on Kochsak und StickstofT durch die Haut 

24 Haden, R L , J Lab and Clm kled , 1925, x, 337 The Relation of the 

Chlonde Metabolism to the Toxemia of Lobar Pneumonia 

25 Haden, R. L , Am J Med So , 1927, ebeav , 744 The Clinical Significance 

of the Chlonde Metabolism m Lobar Pneumonia 



F WILLIAM SDUDERMAN 


331 


26 Sundennan, F W , and Austin, J H., Atlantic Med J , 1928, mi, 294 
Cbangea in the Serum Salt Concentration m Lobar Pneumonia and Their 
Relation to Therapy 

PROTOCOLS 

Core B1 (Jiumber 962) Italian, male, age 34, butcher The patient was 
admitted to the hospital with a consohdation of the left lower lobe Crisis oc 
curred on the 9th day of the disease The sputum yielded a Type IV pneumococ- 
cus The leucocyte count was 37,000 with 83 per cent polymorphonuclears on 
admission Convalescence was uneventful 

Case B2 (Number 135S) WTute, male, age 21, clerl. The patient was ad 
mitted to the hospital on the 6th day of the disease with a consohdation of left 
lower lobe He was cyanotic and breathmg rapidly On the 2nd day of hospital 
ration he became irrational, developed hiccoughs, and died The blood and sputum 
both yielded a Type HI pneumococcus. The leucocyte count on admission was 
3,000 but became devated to 16,000 prior to death 

Core B3 (Number 120S) Colored, male, age 40, laborer Study of this patient 
was commenced on the Sth day of a left lower lobar pneumonia. Crisis occurred 
on the 8th day Durmg the first 2 days of observation, the patient was given a 
more liberal diet than usual which had to be discontinued on account of the 
marked abdominal distention. The patient perspired profusely on the day of the 
crisis The sputum yielded a Type IV pneumococcus The leucocyte count 
mcreased progressively from 20,000 on admission to 32 000 at the time of crisis 
and then fell. 

Case B4 (Number 1046) Colored, male, age 35, laborer The patient was 
first studied on the 6th day of his disease at which time he was very ill and had a 
consolidation of both lower lobes RespimtionB were voluntarilv restricted due 
to pleural pain Over the left chest pleural and plenro pericardial fnctions were 
audible Abdominal distention was marked The sputum yielded a Type II 
pneumococcus Crisis occurred on the Sth day of the disease The leucocvte 
count was 34 000 2 days after the crisis Convalescence was uneventful 

Case B5 (Number 10S6) Colored, male, age 1 1, school boy Study ivas begun 
on the 7th day of the disease when the patient had consolulation of the entire left 
lung The sputum yielded a Type I pneumococcus CrMa occurred on the 10th 
day of the disease and was followed by the development of an mterlobar empyema. 
A thoracotomy was performed and pus dramed The pus contained Type I 
pneumococcus The highest leucocyte count was 50 000 and was observed at the 
time of crisis Convalescence lasted 6 weeks 
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B6 {Number 1510) AMiite, male, age 47, longshoreman The patient uas 
first studied on the 3rd da}, of a left lobar pneumonia The sputum Yielded a 
Tj-pc IV pneumococcus Crisis occurred on the 9th da> of the disease The 
temperature, houever, did not mamtam a postcntical normal level butcontinued 
to be elevated (99-101°) dunng the first week after the crisis Ph\ sical signs, 
Y-ray studies, and a leucocvdosis of 28,000 at this time suggested the possibihtv of 
a pleural collection or unresolved pneumonic areas These chest findings gradu- 
ally disappeared without treatment Convalescence was protracted 

This patient had been given large doses of sodium chlonde dunng the precritical 
penod 

Case B7 {Number 1401) Colored male, age 57, laborer The patient was 
first studied on the 3rd day of a left lower lobar pneumonia He was breathmg 
rapidly and appeared to-nc Sputum contamed a Type HI pneumococcus A 
crisis w as not defimtelj observed but was suggested on the 10th day of the disease 
Physical signs, x-ray evidence, and a leucocjtosis of 15,000 later suggested the 
possibility of an unresolved pneumoma or pleural collection These signs, how- 
ever, disappeared Temperature reached the normal level one week after the 
time that w as regarded as the crisis The urme contamed on 2 occasions traces 
of albumm and hyahne and granular casts Follow ing the mtakc of large doses 
of sodium chlonde dunng the epicntical penod, the patient showed some puffincss 
espeaallv of the face and a slight edema of the legs 
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In a previous paper (1) one of us has presented studies of weight 
and nitrogen and dilonde balance m pneumonia It is probable that 
the changes studied could have been more readily mterpreted had we 
had full information with respiect to the other electrolytes as well as 
with respect to chlondes To obtain this was not at the tune prac- 
tical We have, however, data on the unnary excretion of fixed base, 
sulphate and phosphate from the same subjects over the same period 
of days m pooled specimens of urme each representing the combined 
collection of unne from a subject for those consecutive days during 
which the chlonde excretion had been fairly constant These data 
are presented and discussed in this paper Case numbers are the 
same as in the previous paper 

Total base was measured by Fiske’s method (2), morgamc sulphate 
by Fohn’s method (3) and phosphate by Bnggs’ method (4) The 
figures for phosphate excretion are expressed as m.Eq which have 
been calculated by assummg 1 8 mJJq per mil of POj 

In order that we might have some standard with which to compare 
the rates of excrehon of these electrolytes m our patients with pneu- 
moma we placed two normal subjects for 2 days on a similar dietary 
mtake and had them undergo severe sweatmg m a cabmet hght bath 
on each of the 2 days We have made our comparisons with the 
second day of study of these normal subjects Furthermore, in 
order to compare the patients, who differed greatly m size, all excre- 
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B6 (Niimhcr 1510) ^\hlte, male, age 47, longshoreman The patient was 
first studied on the 3rd da> of a left lobar pneumonia The sputum j iclded a 
T}-pe IV pneumococcus Crisis occurred on the 9th daj of the disease The 
temperature, howcaer, did not maintain a postcntical normal lead but continued 
to be eleaated (99-101°) during the first areek after the cnsis Th} sical signs, 
x-ray studies, and a leucocj'tosis of 28,000 at this time suggested the possibiiita of 
a pleural collection or unresoK'ed pneumonic areas These chest findings gradu- 
ally disappeared a\ ithout treatment Cona'alescencc vras protracted 

This patient had been giv'en large doses of sodium chloride dunng the precntical 
period 

Case B7 {Number 1491) Colored male, age 57, laborer The patient a\as 
first studied on the 3rd day of a left lower lobar pneumonia He u as breathing 
rapidly and appeared toxic Sputum contamed a Type HI pneumococcus A 
crisis w as not definitely observed but was suggested on the 10th day of the disease 
Physical signs, x-ray evidence, and a leucocytosis of 15,000 later suggested the 
possibility of an unresolved pneumonia or pleural collection These signs, how- 
ever, disappeared Temperature reached the normal level one week after the 
tune that was regarded as the crisis The urme contamed on 2 occasions traces 
of albumin and hyalme and granular casts Follow mg the intake of large doses 
of sodium chloride durmg the epicntical penod, the patient showed some puffincss 
especiallv of the face and a slight edema of the legs 
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(Received for publication October 30, 1928) 

In a previous paper (1) one of us has presented studies of weight 
and nitrogen and chloride balance in pneumonia It is probable that 
the changes studied could have been more readily mterpreted had we 
had full information with respect to the other electrolytes as well as 
with respect to chlondes To obtam this was not at the time prac- 
tical. We have, however, data on the urinary excretion of fixed base, 
sulphate and phosphate from the same subjects over the same penod 
of days m pooled specimens of unne each representmg the combmed 
collection of urme from a subject for those consecutive days during 
which the chlonde excretion had been fau-ly constant These data 
are presented and discussed m this paper Case numbers are the 
same as m the previous paper 


Total base was measured by FisLe's method (2), morgamc sulphate 
by Fohn’s method (3) and phosphate by Briggs' method (4) The 
figures for phosphate excretion are expressed as mEq which have 
been calculated by assuming 1 8 mEq per mM of P 04 
In order that we might have some standard with which to compare 
the rates of excretion^of these electrolytes m our patients with pneu- 
moma we placed two normal subjects for 2 days on a similar dietary 
mtake and had them undergo severe sweatmg m a cabmet hght bath 
on dai of the 2 days We have made our compansons with the 
s^nd day of study of these normal subjects Furthermore, m 
order to compare the patients, who differed greatly m sue, aU excre- 
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URrN'AR\ ELECTROL\TE EVCRETION IN PNEUltOXLV 


tion rates have been reduced to constant surface area by multipljing 
by the ratio of the surface area of the subject to 2 10 The data arc 
given in Table I 


RESULTS 

Cases not receiving extra salt (BJ, B3, B4 and B5) In the total 
penods of B1 and B5, in the first penod of B3 and in the first two 
penods of B4 the following features are endent when comparing the 
excretion rates with those of the second day of the control subjects 

1 The total water output b}’^ all channels nas 35 to 96 per cent 
above the controls 

2 The unnaiy output however, was not increased m tvo of the 
four cases although moderately or markedly increased m the other tiio 

3 In contrast to the low chloride excretion the sum of the measured 
amons excreted was httle reduced or actually mcreased as compared 
with the controls WTien we consider that Holten (5) has demon- 
strated considerable increase m organic aad excretion in pneumonia 
the sum of the amons should probably be stiU further increased rela- 
tive to the controls This deserves emphasis as indicating that the 
very low chlonde excretion in the urine in the precntical penod of 
pneumoma is not necessarily paralleled by low total electroljtc 
excretion and it suggests the possibility that the low chlonde excre- 
tion may be m part an adaptation to make way for other anions the 
excretion of which is perhaps more important 

4 The excretion of phosphate was slightly increased in three of the 
four cases as compared with the controls 

5 The excretion of sulphate was stnkingly mcreased in all four 
as compared with the controls The ratio of sulphate to nitrogen 
excreted was m these penods of the patients and in the controls 
approximately the same and it seems proper to correlate the mcreased 
sulphate excretion with the increased protem metabolism 

6 The fixed base excretion was greatlj reduced ranging from only 
20 to 85 per cent of the mean for the two controls The low base 
relatiie to the anion excretion was presumabty compensated for b% 
high ammonia and titratable aad in the unne Our pneumonia 
patients in the penods under consideration were therefore excreting 
an excessixe amount of certam aad metabolites under the handicap 
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of krmted excrebon of fixed base At least one factor m the himtabon 
of fixed base available for excrebon was undoubtedly the low base 
intake of the diet 

A considerabon of these results suggests that the low chloride 
excretion in the precnbcal penod of pneumonia is dependent in large 


TABLE 1 

Averaie excrttion pfr day of vteasitrtd dairolyies in vrine 



• Estimated as 1 8 ra Eq per mil 


measure on low chlonde mtake and perhaps in part upon the need 
for excrebon of excessive amounts of sulphate, phosphate, and orgamc 
acid under the handicap of httle fixed base available for excrebon 
It IS possible, furthermore, that this demand for fixed base for excre- 
bon is a factor m the low base concentrabon in the serum m the 
precntical penod of pneumoma. Correlated with this would be a 
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tendencj’- for lowenng of the serum chloride Furthermore, m the 
need for transporting the increased amounts of sulphate, organic 
aads, and phosphate from the tissues to the kidneys we have perhaps 
a reason, although not a mechanism, for the disproportionate Ion ering 
of the serum chlonde 

In the two patients B3 and B4, studied through more than one 
penod the following features are e\ndent m the final penod 

7 There was a dirmnution m the high total output of water asso- 
aated with mcrease in the urme and necessanly diimmshed loss of 
water by skin and lungs 

8 The fi^ed base excretion was mcreased 

9 The ratio of sulphate to mtrogen increased 

10 The chlonde excretion increased in correlation we beheve, with 
the increased mtake of chlonde and fixed base consequent upon 
the more liberal food mtake 

Cases rccetvtng extra salt {B6 a7id B7) As compared wnth the 
patients receiving no extra salt these two subjects exhibited high 
excretion of fixed base and chlonde In B7 the excretion of chlonde 
was much below the intake and this was assoaated with marked 
retention of water and eventually with visible edema That a tend- 
enc>'^ to chlonde retention characterizes the behavior of patients with 
pneumoma when given NaCl freely was pointed out m the previous 
paper (1) 


SUmiARV 

The low chlonde excretion observed in the unne in the precntical 
penod in patients on the usual low diet not receiving salt was asso- 
aated vuth lou unnary excretion of fixed base but ivith very high 
excretion of sulphate and phosphate so that the total anion exaction 
m the unne was not far from that of normal subjects on a similar 
diet The high sulphate excretion was proportional to the high 
nitrogen excretion and is probably to be correlated with the tissue 
catabolism 
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THE EFFECT OF EXERCISE ON THE SIZE OF NORMAL 
HEARTS AND OF ENLARGED HEARTS OF DOGS 


By HAROLD J STEWART 

(From the Hospital of the Rockrfdkr Institute for Medical Research l\ew\ ork) 
(Received for publicntion February 6 1929) 

Although the changes m the heart produced by exerase have long 
been made the subject of investigation by chniaans and physiologists, 
the question has not yet been settled The eaxhest view, formulated 
from clinical experience, was that when the heart was subjected to 
exertion it dilated This opmion was denved from esti m ations of 
changes m the borders of the heart on percussion (T Schott (1890) 
and Williams and Arnold (1899)) T Schott (1897) was the first 
investigator to employ x ray exarmnation in studying this problem 
The data he collected appeared to support his view that dilatation of 
the heart occurred Montz (1908) m 1908 first demonstrated by 
means of orthodiagrams that acute cardiac enlargement did not 
follow over-exertion Indeed, on the contrary, he found that m 
certam mstances both in normal and pathologic hearts contraction 
took place Smce then, studies have been made of the effect of many 
vanebes of exertion (swiraimng, rowing, runmng in marathon races) 
on the heart of man, from the point of view not onl> of discovermg 
whether the heart reacts to acute exertion by dilabng or contractmg, 
but also of leammg whether hypertrophy is necessarily a consequence 
of athlebc traimng hlore and more, the evidence which has been 
accumulated seems to mdicate that dilatation does not occur as a 
consequence of acute exertion, but that on the contrary contraction 
in size takes place Recently Gordon and Strong ( 1923) have studied 
in rabbits the effect of vngorous exerase on the size of the normal and 
abnormal heart The hearts designated as abnormal were those in 
which enlargement resulted from repeated injections of spartein 
sulphate According to these authors mjocarditis was the resulting 
pathologic lesion Thej found that the effect of exercise was the 
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same m both instances a decrease in size of the hearts always 
occurred 

We have had an opportumty also to mvesbgate this subject For 
several years we have been engaged in attempting to find a method 
which would estabhsh a state m dogs comparable to heart failure m 
man One of the methods has consisted in the attempt to bnng about 
this state by rendermg the mitral valve insufiSaent We have for 
this reason in our possession a number of dogs m which defects of the 
rmtral valve have been made by operation and m which enlarged 
hearts have in consequence developed They show no signs however 
of heart failure It has been in connection with the study of the 
circulation of these dogs that we have mvestigated the response of the 
hearts to exerase In them we are able to estimate the influence that 
valvular defect alone (presumably without disease of the muscle) 
exerts on the reaction of the heart to exertion The form of exerase 
which we chose was runmng on a treadmill We took the precaution 
of studying the effect of the same form of exertion on the hearts of 
normal dogs These experiments form the subject of this paper 

MATERIAL 

The subjects of certain experiments, as has been stated, were normal mtact 
dogs The dogs which were the subjects of other expenments were those which 
had been operated on 2 to 31 years ago Evidence of the lesions which were then 
created stiU existed at the time of the present ezpenments (table 1) Complete 
data concerning the operabons will be published later (Stewart) A brief descnp 
tlon only of the method used in operating on the valves need be given Under 
ether anesthesia and imder aseptic conditioiis the left auricular appendage was 
exposed and mascd A cardloscope' was then inserted through this opening 
By manipulation of the knife attached to the cardioscope the leaflets of the 


' The cardioscope which we used was designed with the assistance of Mr E 
Wappler, and was made for us by the Wappler Electric Comfmny, Ixrog Island 
City, New York. The idea of cuttmg the valves of the heart under direct vision 
was suggested to us by the preliminary report of Allen and Graham (1922) As 
complete data for the construction of their instrument was not available at the 
time, we devised this new instrument. The optical system is sunilar to that used 
m cystoscopes. We arc much indebted to Doctors Graham and Allen for valuable 
aid in learning their methods and desire to express our thanks to them for their 
courtesy 
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same m both instances a decrease m size of the hearts always 
occurred 

We have had an opportumty also to investigate this subject For 
several years we have been engaged in attempting to find a method 
which would establish a state m dogs comparable to heart failure m 
man One of the methods has consisted m the attempt to brmg about 
this state by rendenng the mitral valve msuffiaent We have for 
this reason m our possession a number of dogs m which defects of the 
nutral valve have been made by operation and in which enlarged 
hearts have in consequence developed They show no signs however 
of heart failure It has been m connection with the study of the 
circulation of these dogs that we have mvestigated the response of the 
hearts to exercise In them we are able to estimate the influence that 
valvular defect alone (presumably without disease of the muscle) 
exerts on the reaction of the heart to exertion The form of exercise 
which we chose was runmng on a treadmiU We took the precaution 
of studymg the effect of the same form of exertion on the hearts of 
normal dogs These experiments form the subject of this paper 

MATERIAL 

The subjects of certain expenmcnts, ns hns been stated, were normal mtact 
dogs The dogs which were the subjects of other expemnents were those which 
had been operated on 2 to 3S years ago Evidence of the lesions which were then 
created still existed at the time of the present experiments (table 1) Complete 
data concerning the operations will be published later (Stewart) A brief descnji- 
tion only of the method used m operatmg on the valves need be given Under 
ether anesthesia and under aseptic conditions the left auricular appendage was 
exposed and incised A cordloscope* was then inserted through this ojiemng 
By manipulation of the knife attached to the catdioscope the leaflets of the 


' The catdioscope which we used was designed with the assistance of Jfr R 
U applet, and was made for us by the Wappler Electrtc Company, Long Island 
City, New York. The idea of cutting the vali’es of the heart under direct wsion 
was suggested to us by the ptehmmary report of Alien and Graham (1922) As 
complete data for the construction of their instrument was not available at the 
time, we devised this new instrument The optical system is similar to that used 
in cystoscopes We are much mdehted to Doctors Graham and Alltn for valuable 
aid in lenmmg their methods end desire to express our thanks to Uvm for their 
courtesy 
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TABLE 1 

Cfcct oj cxerctsc on the size of the heart of norirat dogs 


Dog number 

Date 

JZ 

rt 

i> 

ej 

u 

Cardhc area per 
cent of Initial 

rt 

u 

c a 

o " 
o u 
« 
55-5 
C 

Heart rate 

Duration of 
ctcrcL^c 

Distance run 

Time with reference to 
ninnmp: 




»? 

per 

per 

Per 

min 






an 

cent 

teni 

minuie 

utes 

/u u 


235 

Jklarch 22. 1927 

15 2 

WIm 

100 0 


96 



Before 




57 3 

94 8 

5 2 


45 

0 9 

Immcdntelj ifter 




56 1 

92 8 

7 2 

128 



One hour after 

250 

October 26, 1927 








Before 





96 1 

3 9 

110 

60 

0 8 

Imtnediatclj after 





97 5 

2 5 




One hour after 


October 27, 1927 

11 0 







Before 




3S 9 

95 4 

4 6 

90 


1 1 

Immediatclj after 




37 2 

91 2 

8 8 

120 



One hour after 


October 28, 1927 

11 6 

36 3 






Before 




35 6 

98 0 

2 0 

90 


1 3 

Immediately after 





93 7 


120 



One hour after 


October 29, 1927 


37 9 



85 



Before 




35 7 

94 2 


85 

45 

* 

Immediately after 




m 

94 0 

6 0 

85 



One hour after 

251 

October 27, 1927 

12 7 

48 8 






Before 




46 1 

94 5 

5 5 


35 

0 4 

Immediately after 




46 1 

94 5 

5 5 

115 



One hour after 


• Speedometer not working 


TABLE 2 


Enlarsen ent of tie 1 earl foUovnng induction of artificial mitral insiifikiency in dogs 


! 

Dos number i 

Area of heart 
before operation 

! 

Area of heart ! 
after operation 

Time since 
operation 

Increase in area 
of heart 

Presence of 
murmur at time 
of ninnlns 


Jp cru 

sq cm 


per cent 


15S 

46 4 

84 4 



+ 

161 

46 0 

72 3 


KB 

+ 

171 

50 3 

1 68 9 


37 7 


153 

56 2 

j 68 2 

1 2i 

21 3 

0 

90 

43 0 

[ 42 6 

i 

0 0 

0 
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mitral valve were brought mto view The leaflets could then be cut under 
direct vision. Development of a marked systolic thrill was regarded as evidence 
that the operation had succeeded The dogs completely recovered withm 10 days 
to 2 weeks The hearts began to increase m size after varying intervals of time 
A loud systolic murmur persisted in eadi of the dogs (see exceptions, table 2) 
The dogs studied for the present purpose were in good health The> were trained 
to laboratorj procedures and were not disturbed by them. 

METHODS _ 

The dogs were first tramed to run on a treadmill Ccrtam dogs ran readily, 
others could not be induced to run and were not studied After the preliminary 
training, the effect of running on the size of the heart was investigated by means 
of X ray pbotograpbs of the heart. The x ray photographs were made and 
measured accordmg to the method described by Stewart (1927) for obtaining 
photographs of the hearts of dogs under uniform conditions The anticathode 
was placed at a distance of 2 meters from the photographic film. A suture was 
inserted m the skin m the mid line of the anterior chest wall at the level of the 
heart The onti-cathode was always centered on this pomt before plates were 
exposed Three x ray photographs were made dunng each session the first, 
before the dog began running, the second, immediately after the dog had stopped 
Tunnmg, and the third, after the dog had rested for one hour Smee the treadmill 
was not drh-en by a motor, but dogs themselves, they ran only as long as 
they did so voluntarily Thev ran quite steadily for 25 to 60 minutes The 
second photographs were made as soon as it was evident that the dogs did not wish 
to run longer The tread was placed at an angle of 19 degrees with the horizontal 
and a q>eedometer recorded the number of revolutions from which the distance 
was calculated. Smee the treadmill was in the x ray room onl> a few seconds 
were required to transfer the dog from it to the dog board under the x ray tube 
The X ra> photographs were taken within 2 to 3 minutes after the dogs had stopped 
nnmmg The rate of the heart was coimted at the apex for one minute im- 
medialclv after the photographs were taken The observations were usually 
repeated revcral times in each dog 

The c:q>05ure5 were suffidentl) long to photograph the diastobc heart shadow 
in those photographs In whidi both 5>'5tobc and diastohc positions of the heart 
could be identified, the diastohc area was the one measured 

OBSERVATIO^S 

Effect of exercise on the size of the heart sn normal dogs In dog 235 
the initial cardiac area was 60 4 sq cm (table 2, fig 1) It decreased 
to 57 3 sq cm after the dog had been running for 45 minutes After 
resting 1 hour it decreased still further to 56 1 sq cm There was 
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TABLE 3 

The effect of exercise on the size of enlarged hearts in ichtek systolic iriirmurs vtre still present 
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<enl 
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tntn 
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158 

Febnnrj'lO, 1927 

20 6 

82 1 

100 G 


130 



Before 




77 2 

94 C 

6 C 

148 

60 

0 6 

Iinmcdiatcl> after 




81 9 

99 7 

0 3 

136 



One hour after 


March 4, 1927 

22 3 

CO 

100 0 


148 



Before 




80 4 

91 8 

8 2 

132 

38 

0 4 

Immediately after 




82 8 

94 7 

5 3 

150 



One hour after 


October 13, 1927 

19 9 

84 4 

100 0 


90 



Before 




79 1 

93 7 


120 

40 

0 5 

Immcdiatelj after 




80 9 

95 8 

4 2 

114 



One hour after 


October 15, 1927 

20 1 

87 2 

100 0 


130 



Before 




79 9 

91 6 

8 4 

110 

57 

0 6 

Immediately after 




83 7 

96 0 

IS 

130 



One hour after 

161 

Januar> 28, 1927 


72 3 

100 0 





Before 




65 9 

91 1 

8 9 

142 

38 


Immcdiatelj after 





98 2 

1 8 

144 



One hour after 


Februarj 9, 1927 

16 8 

73 6 



122 



Before 




68 3 

94 1 

5 9 

142 

25 


Immcdiatelj after 




68 5 

94 4 

5 6 

134 

31 


Immcdiatelj after 




74 1 


Ei 




One hour after 


October 13, 1927 

14 5 

72 0 






Before 




68 3 

94 8 

5 2 


30 

ED 

IramediatcU after 




71 2 

93 8 

1 2 




One hour after 
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March 14, 1927 

20 5 

58 9 






Before 



56 9 

97 1 

2 9 
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ED 

Immediately after 




52 8 

91 2 

8 8 

148 



One hour after 


March 15, 1927 

21 3 

54 5 



m 



Before 




93 8 

6 2 

142 

44 

ED 

Immcdiatelj after 




1 

91 5 

8 5 

m 



One hour after 
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Fio 2 In this figure are reproduced x ray photographs which show the effect of exercise on the sire of the enlarged heart 
Photograph 2a was taken before and 2b after running 2c was made after the dog rested for 1 hour 
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accordingl} a fall to 94 8 per cent of the initial “^ize followed b\ a 
further decrease to 92 S per cent of the initial size one hour after 
exercise 

There are 4 obsenations on dog 250 and one on dog 251 (lablc 2) 
The results in all instances are similar to the one just reported 4 he 
size of the hearts decreased 3 9 to 5 S per cent immediateh after 
running, but decreased still further 6 0 to 8 8 per cent 1 hour later 
In not a single instance did the size of the heart become greater than 
It had been in the beginning 

Effect of exercise on the size of enlarged hearts m ichich systolic 
vnirmnrs arc present IMitral insufficiencA" was created in dog 158 on 
December 2, 1924, 3r’ years ago During this time the area of the 
heart increased 81 8 per cent from 46 4 sq cm to 84 4 sq cm (table 2) 
This w'as the area on October 13, 1927 (table 3, fig 2) After running 
40 imnutes on this day it decreased to 79 1 sq cm , 93 7 per cent of 
the lvalue before exercise One hour later it was 80 9 sq cm , 95 8 
per cent of what it was before the start There was then on this 
occasion a decrease of 6 3 per cent in the size of the heart after exercise 
The dog ran on three other occasions On these also the cardiac area 
decreased, the maximum decrease varying betw'een 6 0 and 8 4 
per cent 

Mitral insufficienc)’’ W'as created in dog 161 on December 11, 1924, 
2l years ago During this time the area of the heart increased 57 2 
per cent from 46 0 sq cm to 72 3 sq cm (table 2) This was the 
cardiac area on Januarj 28, 1927 (tabic 3) After running 38 minutes 
on this dax it w as 65 9 sq cm , that is to say, it had diminished 8 9 
per cent One hour later it was 71 0 sq cm , approximating the size 
It was before the start The dog ran on txxo other occasions On 
these also a decrease in size of the heart occurred The maximum 
decrease amounted to 5 9 per cent and 5 2 per cent respectively 

Jslitral insufficiencx was created in dog 171 on April 22, 1925, 2 
xears ago During this time the heart had enlarged 37 7 per cent 
from 50 3 sq cm to 68 9 sq cm (table 2) He ran on the treadmill 
on tx\o occasions The decreases immediately after running were 
2 9 and 6 2 per cent respectiveh and were 8 8 and 8 5 per cent respcc- 
tneh one hour later (table 3) 

There are obserxations therefore on 3 dogs in which the heart was 
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enlarged and m which there was still evidence that defects of the 
nutral valve (murmurs) were still present In every mstance the 
size of the heart decreased following the exerase of running on a 
treadmill 

Effect of exercise on tJie size of the heart in dogs subjected to operation 
hut in which there was no longer endence that valvular d^ect was present 
Mitral msuffiaenty was created m dog 153 on November 20, 1924, 


TABLE 4 

EJJect of exerase on tite ef Ike kearls of dogs sufyeeJed to operation hut in sokiok systolic 
murmun wre no longer present 


153 


90 


Janujjy 18 1927 


Jtinuzry22, 1927 


JaDuaiy 25, 1927 


April IS, 1927 


kfwt, 

23 0] 


ail 


69 

166 71 
162 9 


23 0 67 8 
|60 9 
67 9^ 


23 


68 2 
62 sl 

|67 5| 


11 S[42 6 
^ 2 
42 6 


tor 

tent 

00 OJ 
95 Sl 
90 


100 
89 0l 
100 

100 
91 5| 
99 


100 0 
94 3 
100 0 






11 


5 7 


182 

145 

170 

165 

170 

155 




42 


55 


50 


38 


mOss 
0 6 


0 6 


0 4 


0 8 


Time with lefeleDct to 
nnmloA 


Before 

Immediately after 
1 hour after 

Before 

Immediately after 
1 hour after 

Before 

Immediately after 
1 hour after 


Before 

Immediately after 
1 hour after 


2i years ago Durmg this tune the size of the heart mcreased 21 3 
per cent, from 56 2 sq cm to 68 2 sq cm (table 2) A systohc 
murmur was heard for some months after operation but later it dis- 
appeared It was not heard at the tune of these experiments The 
dog ran on three occasions On each occasion the heart was smaller 
after runnmg than it had been m the beginnmg (table 4) It de- 
creased 8^ per cent pn the first, 11 per cent on the second and 4 2 per 
cent on the third occasion One hour later it had nearly regamed its 
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initial size on the first, it had returned to its initial size on the second, 
and decreased still further (9 6 per cent) on the third occasion 

IMitral insufiiaencyivas created m dog 90 on Februar)* 28, 1924 A 
soft sj^stohe murmur was heard for some months after operation but 
later it disappeared Three and one sixth years after operation the 
area of the heart was approximately the same as before operation 
(0 8 per cent decrease) (table 2) The area of the heart w as 42 6 sq 
cm on April 15, 1927 (table 4) After running on the treadmill for 
38 mmutes it was 40 2 sq cm , that is to say, a decrease of 5 7 per cent 
had occurred The initial size w-as regained one hour later 

In one xlog (3 occasions) then the subject of an artificially enlarged 
heart and in a second in which there w’as no enlargement, the hearts 
decreased m size after running on a treadmill The maximum decrease 
was 11 per cent A sj^stohe murmur was not heard in either case 

Effccf of exercise on the heart rate The heart rate decreased after 
runmng m 2 normal dogs (dog 250, 3 occasions and dog 251, once) 
(table 2), unchanged once (dog 250) and increased once (dog 235) 
In the case of the dogs m which the hear^ were enlarged, the rate 
sometimes decreased (dog 158 twice, dog 161 once, dog 171 once, dog 
90 once, and dog 153 once), sometimes increased (dog 158 twice, and 
dog 161 once) and was sometimes unchanged (dog 161 once, dog 171 
once, and dog 153 once) It is clear that the same effect W'as not 
always observed even in the same dog 

DISCUSSION 

We have presented data showing that the hearts of normal dogs 
decrease in size follow ing exerase Decrease in size also occurred in 
hearts that were enlarged, whether the valve defect (murmur) was or 
was not still present The effect in dogs m which the hearts were 
enlarged was the same as m the normal hearts, the dogs w'ere all in 
good health and exhibited no e\adence of heart failure Although the 
mitral valves had been subjected to damage and the hearts had en- 
larged m consequence of this injury, there had occurred no disease of 
the heart muscle so far as is known Although the decrease in size 
was small, 3 9 to 11 per cent, it is nevertheless significant and it 
occurred consistently Enlargement never wa? obser\'ed In the 
hour after exerase the hearts sometimes decreased still further in size 
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(if the decrease m the first instance was small), sometimes remamed 
unchanged and at other times regained their mitial size We have no 
explanation to offer for this difference. The changes which we ob- 
served m dogs were not as great as those observed in rabbits by 
Gordon and Strong (1923) The difference in the results obtained is 
probably due to the fact that the rabbits r,an until completely ex- 
hausted, while our dogs ran only as long as they did so voluntarily 
The distance which the dogs ran may appear to be small The 
average distance was 0 6 mile, but the mdmation of the tread (19°) 
necessitated a vertical ascent of 1000 ft m this distance 
We cannot be certain of the factors responsible for the occurrence 
of the decrease m size of the hearts of these dogs after exercise It was 
observed also to accompany regular tachycarrha (Stewart and Craw- 
ford, 1927) Decreased fillin g of the heart m the shortened diastole 
may be one of the factors In the case of these experiments however 
tachycardia was not a factor, smce the ventncular rate exhibited no 
consistent change, remaining unchanged or becoming either slower 
or faster than the initial rate. Increase m size of the vascular bed 
may of course have taken place due to the opemng of channels which 
were hitherto closed, for exercise may be behoved to be the occasion 
for the opemng of a greater number of capillaries m the muscles and 
skin than when the animals are m a restmg state The blood would 
then be dramed away from the heart. 

Both Meek and Eyster (1922) and Stewart (Stewart, a) have 
shown that the size of the heart decreases when the volume of arcu- 
latmg blood is diminished But decrease m volume of blood was m 
all probabihty not a factor m these cases smce Hastmgs (1921) has 
shown an mcrease followmg exercise m the hemoglobm content 
(expressed as oxygen capaaty) of the blood and Broun (1922) has 
demonstrated an actual mcrease m the total blood volume 
In another connection also there is similarity m behavior of large 
and small hearts The same dogs which served m these experiments 
were utilized also m studymg the effect of digitahs In both groups 
decrease m cardiac size, decrease m cardiac output and mcrease m 
ventncular excursion followed the admmistration of this drug 
(Cohn and Stewart, 1928a and 1928b) 

It IS not certam how far an apphcation can be made of the data of 
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these expenments to cases of heart disease in man The analog> is 
not dose enough to arrant the conclusion that acute exercise is not 
harmful to patients suffenng from vahmlar disease ^^hen thcj exhibit 
no signs of heart failure It is infrequent that one finds in patients 
the conditions which were present m these experiments, that is to 
say, valvular insufficienc)’’ and cardiac enlargement without con- 
comitant disease of the myocardium 

SUMMARY 

The effect of runmng on a treadmill on the size of the hearts of dogs 
has been studied It was found that the size of both normal and 
enlarged hearts always decreased 

CONCLUSIONS 

Dilatation of the heart does not occur in normal dogs following 
voluntaiy exerase On the contrarj', the size of the heart decreases 
\^Tien dogs in which the heart is enlarged in consequence of artifiaally 
created valvular defects, but in which there is presumably no myo- 
cardial disease, and in which there are no signs of heart failure, are 
subjected to exerase, the size of the heart hkewise decreases 
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Although much has been wntten regarding an unusual behavior of 
chlonde and certam other ions m pneumonia, the hterature fails to 
supply a clear cut conception of the sequence of events in the metabo- 
hsm of aad and base in this disease Largely because mvestigations 
have tended to consider only a few factors at a time it is difficult to 
evaluate their relationship to other elements m the situaDon Several 
findings have, however, been thoroughly estabhshed, and it is the 
object of this paper to attempt an explanation of them m terms of 
certain accompanymg arcumstances An underlymg vunable, the 
effect of which we have particularly studied, is the level of salt and 
water intake 

Peabody (1) (2), m his papers of 1912 and 19^3, summarized the 
previous hterature and reported the observaDons that most patients 
with pneumoma have low serum and urinary chlorides, and a high 
unne ammoma He reported also a decreased ehmmation of Na, Co, 
and Cl, but a normal or mcreased excretion of K and Mg, mferrmg 
therefrom a retention of the former ions but not of the latter By 
analysis of tissues, Peabody went on to show that there is nowhere 
an accumulation of the “retamed” ions, which led him to beheve that 
these must be spread diffusely through the body 
MqLean (3) m 191;S confirmed Peabody’s findmgs and noted also 
that the low serum chlonde found m pneumoma returned to normal 
before the low urinary chlonde showed a similar change 
In 1916 Maver and Schwartz (4) observed the presence of pitting 
edema m some cases of pneumoma and not m others, but felt that their 
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ENPERniENi;\L 

Patient W H was studied for the 3 da^ s preceding and the 6 da) s 
succeeding his crisis During the first 3 days he gained nearly 2 
pounds in weight, which same amount he lost immediately after the 
crisis Determinations of the chloride and total base of the scrum 
showred those values to be normal two days before the cnsis, and at 
that time there w^ere also 10-i and 241 cc n/10 respectively of tliosc 
ions m the 24 hour unne FoUownng the cnsis there was a sudden 
large increase of aad and base radicals, chiefly chlonde and sodium, 
in the unne, the maximum values being 1641 cc n/10 of chloride, 
and 1791 cc n/10 of base on the second day after the crisis Coin- 
adently, the volume of the urine nearly doubled This patient there- 
fore, although acting in the expected manner wnth regard to his w eight 
changes, did not show either a low' blood chlonde and base, or a low 
unnaiy' excretion of these ions at the height of his fever 

The second patient, A S , w'as studied for 5 days preceding his 
cnsis and 9 days succeedmg it He lost weight, to the extent of 3} 
jxiunds, dunng the first 8 days, (i e 5 days before, and 3 days after 
the cnsis), and although on a nearly zero salt intake this patient 
excreted 1084 cc n/10 base, and 442 cc n/10 chlonde m unne and 
stools, dunng the 6] days he was on the metabohsm frame In the 
blood serum three determinations of base and four of chloride showed 
steadily decreasing values prior to the crisis and a definitely low 
chloride as late as 36 hours after the cnsis The urinary values for 
base and chlonde decreased rapidly before the cnsis and remained 
exceedingly small for 4 days thereafter, that is to say for over 2 days 
after the weight had begun to nse The patient was put on a full 
milk diet 48 hours after the crisis, but it w'as not until 3 days later 
that base and chlonde appeared in the unne in moderately large 
amounts, amounts nevertheless w'hich did not approach the values 
achieved by the first patient dunng his phase of maximum post- 
cntical excretion In table 1 are given figures w'hich show the extent 
of loss of base and chlonde m the first two penods, (i e while on a very 
low salt intake), and the markedly positive balance of these ions 
after a salt containing diet was resumed (It is perhaps noteworthy 
that base and chlonde appear, throughout, to beha\ e very much in 
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the same way, and it need hardly be mentioned that by far the largest 
part of the base referred to is sodium ) 

From the preceding it is evident that the behavior of the 2nd patient 
was exactly opposite to that of the first To be sure his serum and 
urmary chloride and base dropped to low levels, but contrary to the 


TABLE I 

Average base and chloride balances per 24 hours rn paltent A S 



Period 1(36 { 

boon) low 1 
•Alt diet 

Period n (5 1 
d&r*) iow 1 
nut diet 

Period m (6 
d^) htth 
udt diet 

Hied base cc. n/10 




Intake, 

0 

0 

1 433 

Output In urine 

130 

27 

285 5 

Output In stools 

300 

61 

206 5 

Total output 


492 0 

Balance 

-430 

-88 

+941 

Chlonde, cc. k/10 




Intake 



374 

Output In urine 



144 

Output in stools 



17 



161 

Total output 


28 5 


— — 


Balance 

-200 

-28 5 

+213 

Water, cc. 




Intake, 

875 

854 

1 284 

Output (unne and stools) 

509 

490 

858 



1 ' ' ’ 

1 

Difference 

' +366 

+364 

+426 

Wdsht, gnuni 




Average dally gain or loss ^ 

+40 

1 -157 

+83 


convenUonal idea this patient lost much weight and showed a large 
negative balance of both base and chlonde previous to the crisis 
Chart 1 illustrates graphically the contrast between the findings from 
these two patients The effort on the part of patient A S to restore 
salt to the body is shown by the early nse of the weight curve through 
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EXPERmEKi;AL 

Patient W H was studied for the 3 days preceding and the 6 da>s 
succeeding his crisis Dunng the first 3 days he gained nearly 2 
pounds m w eight, u'hich same amount he lost immediately after the 
cnsis Determinations of the chloride and total base of the scrum 
showed those values to be normal two days before the cnsis, and at 
that time there were also 104 and 241 cc n/10 respectively of those 
ions in the 24 hour unne Followmg the cnsis there was a sudden 
large increase of aad and base radicals, chiefly chloride and sodium, 
m the unne, the maximum values being 1641 cc n/10 of chloride, 
and 1791 cc n/10 of base on the second day after the crisis Coin- 
adently, the volume of the unne nearly doubled This patient there- 
fore, although acting m the expected manner with regefi-d to his v eight 
chahges, did not show either a low blood chlonde and base, or a low 
unnaiy'- excretion of these ions at the height of his fever 

The second patient, A S , was studied for 5 days preceding his 
cnsis and 9 days succeeding it He lost •weight, to the extent of 3] 
pounds, dunng the first 8 days, (i e 5 days before, and 3 days after 
the cnsis), and although on a nearly zero salt intake this patient 
excreted 1084 cc n/10 base, and 442 cc n/10 chlonde in unne and 
stools, dunng the 6| days he was on the metabolism frame In the 
blood serum three determinations of base and four of chlonde showed 
steadily decreasing values prior to the crisis and a definitely low 
chlonde as late as 36 hours after the cnsis The urmar)’’ values for 
base and chlonde decreased rapidly before the cnsis and remained 
axceedingly small for 4 days thereafter, that is to say for over 2 days 
after the weight had begun to nse The patient was put on a full 
milk diet 48 hours after the cnsis, but it was not until 3 days later 
that base and chlonde appeared in the unne in moderately large 
amounts, amounts nevertheless -which did not approach the values 
achieved by the first patient dunng his phase of maximum post- 
cntical excretion In table 1 are given figures which show the extent 
of loss of base and chlonde m the first tw o penods, (i e while on a very 
low salt intake), and the markedly positive balance of these ions 
after a salt containing diet was resumed (It is perhaps noteworthy 
that base and chlonde appear, throughout, to behave very much in 
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the same way, and it need hardly be mentioned that by iar the largest 
part of the base referred to is sodium ) 

From the preceding it is evident that the behavior of the 2nd patient 
■was exactly opposite to that of the firsb To be sure his serum and 
urinary chloride and base dropped to low levels, but contrary to the 


TABLE 1 

Averate hose and cklcridt Idanus ftr 24 kottrs in paiUni A S 



Ptriodl 

bwri) In 
nit diet 

Peilodn (S 

dtjn) knr 
fut diet 

Period m (6 
(Uj^) blfk 
nit dkt 

Fixed bale cc. n/10 




Intake 

0 

0 

1,433 

Output in urine 

130 

27 

285 5 

Output in stools. 

300 

61 

206 S 

Total output 

430 

88 

492 0 

■ 



Balance 

-430 

-83 

1 +M1 

Chlonde, cc. k/10 

■■ 

■■■ll 


Intake 

iHD 


374 

Output In unne 


13 

144 

Output In stools 


15 5 

17 

Total output 

1 200 

28 5 

161 



■ 


Balance 

-200 

-28 5 

+213 

Water, cc. 




lutnie. 

875 

854 

1,284 

858 

Output (unne »nd itoob) 

509 

490 



- — 


Difference 

* +366 

+364 

+426 

Weight grams 




Average dally gain or loss 

+40 

-157 

+83 
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immediate retention of salt and water, and the late appearance of salt 
m the unne when placed on a moderateh high salt diet 
We soon realized that the Ley to the difference show n b> these tw o 
infants laj' in the fact that the former received a moderately large 
amount of NaCl during the course of his illness and retained water, 



Chapt 1 lLLi:sm,\TrsG Differences in ttEicirr Curi’es and in Urinary 
Excretion of Cheoride and Base, Betv\den Patient W H on a jModer- 
ATELY High S\et Indai^ and Pattend A S on a Very Low Salt Intake 

Cmis occurred at points marked b\ \crtical lines Bo = 153, Bi = 157, 
B; ■= 149, Bj = 137 cc X/10 Base m the blood scrum, Co = 96, Ci = 96, Cj 
<= 90, C: = 85, and Q = 93 cc X/10 Chloride m the blood scrum 

whereas the latter w as gi% en almost no salt and as a result lost weight 
despite an aYerage dailj intake of o\cr 1200 cc of fluid in the form 
of orange juice and glucose solution 

This surmise was abundanti) confirmed by a sun,e> of the cases of 
pnraaiy pneumonia in the records of the Infants’ Hospital Taking 
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first a group of infants whose diet had been restncted to orange juice 
and glucose solution, we found an average salt intake of only 0 7 
gram a day or the eqmvalent in a 20 pound mfant of about 6 cc 
n/ 10 NaCl per pound body weight Like patient A S descnbed 
above, these patients lost much weight previous to the cnsis See 
chart 2 

In contrast with the above group were other patients which bad 
made gams of 30 to 40 ounces m as short a tune as 36 hours These 



Chart 2 IiirrsTSATiNo Extent or Weight Loss Observed in Patients on 
Low Intakes of Salt, Expressed as Chloride 

Dotted line represents weight curve following increase of salt intake Circle 
represents cnsis ' 

were all found to have received large amounts of salt m their diets, 
usually m the form of a mixture of normal salme solution (0 9 per 
cent), and orange jmce Some of these infants took 6 grams of salt 
a day, or from SO to 75 cc. n/10 NaCl per pound body weight, m 
other words about ten tunes the amount obtamed by the group on a 
low salt mtake See chart 3 

In addition to the primary differences in the weight curves of 
infants on low and infants on high salt intakes, charts 2 and 3 illustrate 
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in certain patients the effect of changing from one diet to another 
In chart 2 may be noted two infants, (no 4 and no 5), -ft ho lost \\ eight 
■while on salt intakes of 4 and 5 cc k/10 respcctuelj per pound body 
weight, but who gained rapidly as soon as the intake w as increased to 
14 cc The ^e^erse effect is seen in chart 3 Patients no 2, no 4, 
and no 5 gained in eight when getting 59, 32, and 30 cc n/10 NaCl 



CiLVRi 3 II.LUSTRA•rI^o Extent or Gains in Weight Obseii\td in Patients 
ON High Intakes of Salt, Ekfressed ,vs Chloride 

Dotted line represents eight cur\c folIor\ing decrease in salt intake Circle 
represents crisis 

per piound body Height, and then lost when the salt was reduced to 
23, 11, and 3 cc respectnel} 

From these findings it seems clear that the patients represented by 
chart 2 could not retain nater until the} were also provided vtath a 
certain level of salt intake Like A S the} lost weight, and hi e him 
no doubt thev also had a negative base and chlonde balance at the 
tune A negative balance indeed is strongl} suggested in these 
patients bv the fact that their v\ eight loss continued beyond the cnsis 
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until after their salt intakes were increased, indicating that m them 
there had been no appreciable storage of salt that could be released 
at the crisis as a sort of endogenous supply In other words it appears 
that the hypothesis of chloride retention m pneumoma is mcorrect 
when apphed to the group of patients on low chlonde diets that show 
low blood and unne values of base and chlonde and are losing 
weight Extensive retention of Na and Cl, however does occur on a 
high salt diet but m this event there will be found a normal or high 
level of base and chlonde m the serum, with considerable amounts of 
these ions entering the unne, chemical findings agam, which are 
contrary to current theones 

A third metabohc study, (mcluded as case no 1 m chart 3), may be 
mentioned bnefly here as a patient that received, under our observa- 
tion, a relatively large amount of salt m his diet, (i e 46 cc n/10 NaCl 
pet pound body weight), and furnished us with some significant post- 
mortem data Details of the aad base metabolism and of tissue 
analyses will form the subject of a succeedmg piaper, but it is of 
mterest to note here the pnnapal findings, namely, normal serum 
chlonde and base, high unnaty chlonde and base, rapidly mcreasmg 
weight with pitUng edema, a positive balance of Na and Cl ions, great 
retention of water and salt m the form of edema flmd, and a marked 
“retention sec," m the body tissues m general As the patient was a 
Mongohan idiot with a congemtal lesion of the heart, death was 
perhaps due to that condition The grave potential dangers, never- 
theless, of high salt therapy are suggested by the mtense edema that 
developed m this infant, a findmg that was also recorded in the 
autopsy reports on patients no 3 and no 5 of chart 3 Although not 
conclusive evidence against salt theraj^ it is at least suggestive that 
among 19 cases of primary pneumoma in mfants on whom we could 
get adequate data, the three deaths that occurred were confined to the 
small group of five cases that received large amounts of salt m their 
diet, and as noted above, developed extensive edema of their tissues 

There is little evidence to suggest that edema m these patients 
might have been due to disease of heart or kidneys, either functional 
or orgamc. Indeed, marked effiaency of these organs m the patient 
mentioned above is mdicated by the fact that the concentrating power 
of the kidnojs was high throughout the illness Parallel with the 
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increasing elimination of salt, both the concentration and the actual 
amounts of chlonde and fixed base in the urine mounted stceplj w ith- 
out shoeing signs of haMng approached a maximum pnor to death 

\Mi\ the tissues of the body are so markedly at the mere}' of the 
salt intake in pneumonia, despite normally functioning kidnc> s is not 
clear A hint of a speafic effect referable to the pneumococcus is 
offered by the fact that intense general edema sometimes develops in 
the presence of a pneumococcus abscess, only to vanish i\hen tlie 
abscess is drained On the other hand it is possible that other 
febnle diseases do manifest in lesser degree the same sort of phe- 
nomena, described above, that in pneumoma are rendered especially 
sinking because of the contrasts this disease furnishes in its abrupt 
onset and its termination by cnsis 

DISCUSSION 

The data given in this paper deal pnnapally with the relation in 
pneumonia of salt intake to salt and water retention, and appear to 
show that the latter depends largely on the former 

Loiter (14) has already pointed out that any study of salt metab- 
olism must take into consideration the salt intake for several days 
prcMOUs to the study This generalization we believe applies to 
pnmar)' pneumonias, and the reason so many cases desenbed in the 
literature have a low blood chlonde when first seen may well be that 
these patients correspond with our infants on low salt intakes by 
\artue of ha\nng refused or neglected to take salt-containing foods 
dunng the prodromal stage of the illness, previous to admission to the 
hospital Findings m this type of case have come to be regarded as 
charactcnstic of the disease only because the majonty of pneumonia 
patients desire water and fnut juices (or are offered nothing else), and 
so become established on a nearly salt-free diet 

The opposite situation of high salt intake reveals in pneumoma an 
obligator} retention of salt and water which is most sinking In 
extreme cases the edema becomes so great as to be possibly dangerous 
It IS also conceu able that the madence of effusions mto serous ca\aties 
IS greater m patients on high than in patients on low salt diets Con- 
sequent!} It has become our practice to observe caution with salt in 
pneumoma, givnng enough however to keep the patient from losing 
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weight, namely, about 15 cc. n/10 NaCl per pound body weight, per 
24 hours This quantity is supphed by a solution made up of 1 part 
sahne (0 9 per cent), 2 parts orange juice, and three parts 10 per cent 
glucose, provided the patient takes 2 ounces of the mixture per pound 
body weight m 24 hours, thus far cases of pneumonia so treated have 
mamtam^ nearly stationary weights, and have not developed edema 

conclusions 

1 In mfants with primary pneumoma we find a negative base and 
chloride balance if the mtake of these ions is low, and a markedly 
positive balance if the mtake is high 

A. In the former situation one observes low values for total base 
and chlonde m the serum, rapidly diminishing values for these ions 
m the unne, rapid loss of weight, and later a gam m weight only after 
the salt mtake has been adequately mcreased 

B In the latter situation the serum values are at least normal, 
the base and chlonde of the unne are normal or high, weight nses 
rapidly before the cnsis, (often with visible edema), and after the 
crisis there is usually a sharp loss m weight accompamed by an out- 
pounng of chlonde and base m the unne 

2 An extensive and perhaps a dangerous degree of edema is often 
seen to develop m patients who receive large quantities of salt during 
the early stages of then pneumoma These patients, despite normal 
heart and kidneys, appear to be forced to retam m their tissues 
amounts of salt which a normal mdividual would excrete without 
difficulty 

3 In an attempt to mam tarn on ^en weight m papents with 
pneumonia, we have admimstered 15 ac N/10 salt solubon per pound 
body weight per twenty-four hours, with satisfactoiy results 
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AFFECT THE SEDIMENTATION RATE OF THE RED 
BLOOD CELLS' 

By M DOROTHY ROHRKE and E. D PLASS 

(From Uit Belli Israd Hosptlol, Bmlon and the Departmait of Ohiktna and Gyneadoty, 
Slate Umremty Towa) 

(Received for publication March 26 1929) 

Since the work of Fairaeus, m 1921 (1), the phenomenon of the 
setthng of the red corpuscles m blood to which an anticoagulant has 
been added has been studied mtensively by biologists as well as by 
cliniaans The former have been mterested chiefly m deter min i n g 
the mechanism whereby the setthng rate of the cells is inaeased or 
diminis hed in certain physiological and pathological conditions, and 
m studying the various chemical and physical factors which may 
vary the rate, while the clinical mvestigators have attempted to 
evaluate the diagnostic and prognostic sigmficance of observed 
changes in the rate of sedimentation Prehimnary to a renewed effort 
along clinical hues, we have earned out a senes of experiments designed 
to show the effect which certain factors may have upon the setthng 
rate. 

The sedimentation tubes used in these experiments contamed 1 0 
cc of blood, were 4 0 mm m diameter, were sealed flat at one end, 
and were graduated from 0 to 80 mm They were coated on the 
mside with a very thm layer of parijtlin All blood samples were 
collected without stasis and were maiipulated entirely under oil • 

THE EEFECrr OB VARIOUS ANTICOAGUIANTS UPON THE RATE OB 
SEDIMENTATION 

The preapitation of colloids of the suspensoid type by adsorption 
of an electrolyte and the stabihzmg of an otherwise labile system by 

* A portion, of the eipenmental work was completed In 1926 at the Heniy 
Ford Hospital, Detroit 

* These tubes were 20 mm shorter than those finally decided upon and dc 
scribed for clinical use in the J Clin Invest, 1928, v, 531 
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SEDnLEN'TATIOX R,A.TE OF RED BLOOD CELLS 


a Similar process are familiar phenomena Fahraeus (1) noted that, 
if defibnnated horse blood is diluted \vith a 0 9 per cent solution of 
sodium chlonde, the spcafic gra\nty and \nscosity of ^\hlch are less 
than that of the serum, the sedimentation rate of the er>'throc} tcs is 
actually dumnished Furthermore, he showed that if as little as 
0 025 gram of sohd sodium chlonde is added to 5 0 cc of defibrinatcd 
horse blood, the sinking of the cells is decreased from 75 to 3 mm in 
15 minutes, and that there occurs an increase in the negative charge 
on the corpuscles, proportional to the amount of sodium chlonde 
added In these instances, the suspension has been stabilized by 
addition of the electrolyte Popper and Kremdler (2) have likcwnsc 
shown the stabilizing effect of the addition of electrolytes to the 
blood On the other hand, Lmzenmeier (3) and Fahraeus (1) have 
both shown that the sedimentation rate increases if small amounts of 
lanthanum nitrate are added, and that when larger amounts of this 
salt are introduced the corpuscles of human blood become positively 
charged Provided the magnitude of this charge is suffiaently large 
the s}stcm can be made stable The preapitating effect of some 
salts and the stabilizing effect of others is probably referable to the 
\alency of the cation, as pointed out by Oliver and Barnard (4) 
Because of the changes that added elcctrol>i:es may bnng about 
m the stabihty of the blood, it seemed advisable to determine the 
effect of the different anticoagulants in common use, and to adopt for 
clinical work a substance which has no effect upon the suspension 
stability other than keeping the blood from clotting f Sodium 
fluonde (50 mgm per 5 0 cc of blood), potassium oxalate (14 mgm 
per 5 0 cc of blood), and potassium atrate (10 mgm per 5 0 cc of 
blood) were taken as represen tatixc of the inorganic anticoagulants, 
and were compared with each other and with hepann (1 mgm per 
5 0 cc of blood), the organic anticoagulant obtained from liver sub- 
stance In exerx instance the concentration of anticoagulant was 
sufhaent to prexent clotting dunng the penod of the experiment^ 
Chart 1 presents graphicalh the xaned rates of settling found 
when separate specimens of the same blood were treatc/i xvith the 
different anticoagulants in the amounts indicatc-d aboxe ^ With the 
settling most rapid in the hepannated sample, it is apparent- that the 
rate of sedimentation in the others xanes inx’ersel> vnth the concen- 
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tration of salt necessary to prevent coagulation Snnilar differences 
were noted m several other eipeninents of the same nature. No 
attempt was made to determine whether the slowmg vanes mathe- 
matically with the concentration of the salts 

In the Lmzenmeier (3) method employed by a great many mvesti- 
gators for the dmical determmation of the sedimentation rate, one 
part of 5 per cent sodium atrate is used to four parts of blood Such 
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Chakt 1 The Epfeci or DimaiENT ANncoAr^JiANTS cpov the Sedijientaiion 
Rate or Blood 'Cells 


a mixture was compared with blood treated with^diy potassium 
atrate (10 mgm per S cc of blood) and with hepanu (1 mgm, per S 
cc of blood) The results are shown m chart 2 The diluted blood 
the curve) settled more slowly even than the blood treated 
wit)^ '"dry atrate. In the diluted specimen, the concentration of 
atrate was equal to SO mgm. m 5 cc. of blood, a fact which undoubt- 
edly explains the slower setthng The dilution itself would mcrease 
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tlie rate, so that the real effect of the increased salt concentration is 
actuall}’' much greater than is apparent 

"^It now became essential to learn whether hepann has some active 
influence toward hastening the settling, or whether the results obtained 
when this substance is used represent the sedimentation rate of 
untreated blood It seemed reasonable to assume that if a certain 
concentration of any anticoagulant affects the stability of the blood, 
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Chart 2 The Eitect upon the Sedimentation Rate of Soud Citrate and 
Citrate Solution as Compared with the Effect of Hepard: 


a greater concentration should produce a more marked effect in the 
«;ame direction Doubling the concentration of the oxalati, the 
citrate, or the fluonde alwa} s produces an appreciably greater sl^iwang 
of the sedimentation rate, whereas, c\cn when the concentrat 
hepann is tnpkd or quadrupled there is no effect upon the rj 
settling (chart 3) 


tEa 


It IS ob\aous tEat the concentration m the plasma of the 
anticoagulant wall be less in those bloods with high plasma \ cen- 
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percentages than in those with higher hematocrits For this reason, 
the stahflizing effect of the electrolyte anticoagulants vanes from 
one blood to another, and the results are not stnctly comparable 
Hepann should then be the preferred anbcoagulant for this type of 

Rate Of Sedimentation 
Of Red Blood Cells 



Cham 3 The Ettect upoh the Sedtuehtation Rate oe Incheasiho the 
C ovCENTEAIIOH OF DUTEUENT AKnCOAGULAOTa (OXAEATE AKD HePAJUN) 

worL, for this substance even m considerable concentration does not 
u A afffect the sedimentation rate. Heparm was, therefore, used as the 
/'anticoagulant in all the experiments reported below 
atrate Absolute proof that hepann does not affect the sedimentation 
edly cjate was not easy, but finally we were fortunate enough to secure a 
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sample of blood from a hemophiliac, whose clotting time was over 
hv e hours Chart 4 show s the sedimentation curves in tw o specimens 
of this blood, the one with no anticoagulant and the other with heparin 
(1 mgm per 5 cc of blood) Since there w as no demonstrable ditTcr- 
ence in the settling rates of the two samples, v\e were forced to the 
conclusion that hepannated blood settles more rapidly than blood 
treated with fluonde, atrate, or oxalate not because hepann accelerates 
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Chart 4 Xo Effect upon the SEjontEXTATiON Rate of Hemophiliac Blood 

\tnEN Heparin Is Added 


setthng, but solely because it has no appreaable effect, whereas the 
electroh’te anticoagulants produce a definite slowing 

CHAN’GES IK THE STABHITX OF TILE BLOOD AFTER ST^VNDIKG AT ROOM 

TEMPERATURES 

Pohlc (5) states that if blood is allowred to stand and is then re- 
shaken, the sedimentation veloaty is rather markedly accelerated as 
compared with freshl} drawn blood Westergren (6), however, 
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found that preserving blood for several hours at room temperature 
does not materially affect its settling veloaty, but that after twenty- 
four hours standing the rate is slowed Fahraeus (1), working with 
defibnnated horse blood reports that a specimen may be allowed to 
stand at room temperatiue for as long as seven hours without changmg 
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the amount of rouleau formation or the sedimentation veloaty, but 
that when such blood is kept at higher temperatures (up to 58°C ) 
rouleau formation is diminished, with a Tniniminn at 42°C When he 
allowed a sample of oialated blood to stand for S hours at 28°C and 
another sunilar sample at 18°C for the same penod, the former 
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settled more slowl}' Wiltshire (7) has sho^^n that oxalatcd human 
plasma loses more and more of its aggregating power on standing at 
room temperature Ob\nously, it is of importance to learn definitely 
how much time may elapse between the collection of blood and the 
completion of the sedimentation test %vithout any sacnfice of accuracy 
The followmg experiments were performed to measure changes in 
stabihty on standmg wnth our method of preventing coagulation with 
hepann, as well as with Lmzenmeier’s method using one volume of 5 
per cent sodium citrate to four volumes of blood The bloods stood 
at temperatures of 22° to 25°C and settling took place at the same 
temperatures 

tBlood tends to become more stable on standing, but wnthin the 
penod of a w'orking day the changes are usually insignificant, while 
after tw'entj'-four hours at room temperature a considerable slowing 
of the sedimentation rate is usually observed The effects of hepann 
and sodium citrate solution are practically the sam^ 

Such results lead us to conclude that, for clinical purposes, blood 
sedimentation detemunations may be postponed for some hours 
(6 to 12) after the blood is drawn without any considerable loss of 
accuracy, but that standmg for a longer penod may lead to senous 
errors by slowing the settling rate 
We are at a loss to explain why our results and Westergren’s do not 
agree with those of Pohle, for we have found the reaction completely 
reversible within the time limits noted Our blood samples were 
manipulated entirely under oil, but since Westergren does not state 
that he took a similar precaution, it seems doubtful whether that 
factor can explain the vaned ^results 

THE EFFECT ON THE RATE OF SEDIMENTATION OF CENTRIFUGING AND 
REMIXING THE CELLS AND PLASMA 

It was necessar)' in some of our experimental work to centnfuge the 
blood and later remix cells and plasma for a second determination of 
the sedimentation rate To determine whether such manipulations 
have any effect upon the settling vclocitj, sc\eral specimens were 
treated in this way and the sedimentation rates compared wnth those 
of the onginal samples 

Expert)] ail 1 ELM, normal >oung woman A specimen was 
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set up at once for detennmation of the sedimentation rate and the 
remamder immediately centrifuged for 20 minutes at 2500 r p m 
This latter specimen was then remixed and the rate measured The 
settlmg curves for the two specimens are identical (See chart 5 ) 
Expenment 2 Dog A. Distemper The blood was treated as m 
experiment 1 and the settlmg curves are identical (chart 5) It is 
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Chari 5 No Eirxcr upon the Sediueniaiion Rate apter Cenimpugino 
Blood tor 20 Minuteb at 250ojpcP M. and Reudong 

important to note that rapidly-setthng bloods are as reversible after 
centrifuging as are normal bloods 
Expenment 3 M D R , normal young woman The blood was 
treated as m expemnent 1, except that after centnfugmg the second 
sample and before remmng, the blood was allowed to stand for two 
hours at room temperature The untreated specimen settled 14 mm 
m one hour, while the other settled 15 mm —an insignificant 
difference. 

We have done other experiments of this character as well as a 
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limits In a tj^ncal experiment reduang the carbon dioxide content 
from 69 to 7 per cent increased the sedimentation rate from 20 to 22 
mm m one hour, while increasing the oxygen content from 6 to 16 per 
cent increased the settimg from 9 to 11 mm in one hour Although 
these changes are very small they are consistent with several other 



Blood Prodlced by Changing the Cell Volume 

experiments recorded by this author It would seem that simple 
aeration should produce only insigmficant vanations 
Our experimental procedure was as follows Four cubic centi- 
meters of blood were drawn from an arm vein under oil, using hepann 
as the anticoagulant, and the sedimentation rate wns determined as 
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and agitated by rotating until tbe blood had become bnght scarlet 
m color, after which its sedimentation rate was determmed by the 
usual procedure The tune of readmg was varied so that padung 
was not a factor 

The results of this study are m accord with what might be expected 
from the experiments of Popper and Kremdler (2), and of Ito (IS) 



Chaki 8 The Miujiietees Settled in ^ne Hode Plotted against the 
Cell Volume 

Five experiments In winch the cell volume was ortihaally regulated 


We conclude that the sedimentation rate is not appreaably affected 
by aeration or by loss of carbon dioxide, and that for practical clinical 
purposes collection under oil is not necessary, although this precaution 
would seem indicated where unusual accuracy is desirable. This 
conclusion would seem apphcable to both slowly and rapidly 
setthng bloods 
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THE EFFECT OF TEMPER.\TDRE UPON THE SEDIilENTATION RATE 

DeCourcy (8), using the Linzemneier technic, determined the 
sedimentation rates of vanous blood samples at 6°, 18°, and 37°C 
and concluded that -while there -was only a slightly increased rapidity 
of settlmg between 6° and 18°C , there was a considerable increase 
between 18° and 37°C Westergren (6) shows graphically the 
vanations in sedimentation rates at different temperatures, 14° to 
25°C , of bloods setthng with vanous speeds, and suggests the use of 
sinular curves for correctional purposes He also found that the 
effect of an increase in temperature is smaller with slowly settling 


TABLE 3 

The effect of aeration of the blood upon the sedimentation rate 


Blood number 

Time settled 

Millimeters settled 

Sample as drawn 

Aerated sample 

1 

1 hour 

10 

10 

2 1 

1 hour 

11 

14 

3 

1 hour 

12 

12 

4 

1 hour 

6 

4 

5 

1 hour 

8 

9 

6 

1 hour 

3 

3 

7 

1 hour 

9 

8 

8 

20 minutes 

32 

32 

9 

20 minutes 

28 

31 

10 

10 mmutes 

33 

33 


bloods and that the effect of a defimte (e g , a 5°C ) vanation in 
temperature is greater as tb-e temperature increases Gordon and 
Cohn (16), using Linzenmeier’s method, studied the sedimentation 
rates at 10°, 23°, and 37°C and found startling differences in all the 
rates between these temperatures They also found that the effect 
of external temperatures withm these hmits is transitorj', i c that 
upon shaking and retesting the blood at a second temperature no 
influence of the onginal temperature will be apparent These authors 
conclude that since the a\eragc room temperature \anes between 
22° and 24°C , a standard of 23°C should be maintained during the 
determination of the settling rate 
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We have determined the sedimentation by our method’ on specimens 
of the same samples of blood at different temperatures varymg from 
20° to 38°C , and our findings m the mam are similar to those noted 
above Carefully regulated water baths were used for all the deter- 
minations, and the samples were allowed to remdin m the baths for 
30 mmutes before the tests were started m otder to obtam tempera 
ture equilibnum Chart 9 shows graphically the curves obtamed m 
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Chari 9 The Eftect op Temperature Ckanoes upo\ ttte SEDoiEirrATiON 

Rate [j 


a typical experiment where the blood was mamtamed at four different 
temperatures rangmg from 20° to 38°C The findmgs m 13 other 
experiments are presented m table 4 
It is obvious that the settlmg rate mcreases to an appreaable extent 
with nsmg temperature within the range with which we are dealing, 
and that the mcrease m rate is less from 20° to 25° than from 25° to 

’ Tubes giimg a column of blood 100 mm high has'e been used for these tern 
perature experiments (See J Chn Invest, 1928, v, 531 ) 
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SO’C rurthermore, the rclatnc increase of rate per degree of tem- 
perature from 30° to 38° is greater than from 20° to 25° in the sIobI} 
settling specimens 

In more rapidly settUng bloods, however, packing becomes sucli an 
important factor in the one hour readings at 38° that the true 
temperature effect is masked and the curve falls off In speamen 13, 
mfectious arthritis, packing has almost entirely masked tlie temperature 
change 


TABLE A 


The effect of temperature chaitpes o>i the sedirreulatton rate 


Subject 

Sei 

Diagnosis 

MUlm 

20* 

[Cters ttU 

25* 

m one h 

30* 

our at 

38* 

I C W 

M 

Normal 



2 

3 

n tv M 

r 

Normal 

2 

2 5 

4 

6 

HI M R. 

M 

2nd and 3rd degree 


! 

6 

11 



bums 





rv D G 

r 

Normal 

6 

7 

10 

14 

V Dog B 

F 

Normal 



9 

14 

M B J 


Normal 

9 

11 

15 

20 

\1I R R 

]M 

Normal 

12 


19 

23 

MH R r 

r 

Myrccdema 

17 

20 

26 

34 

IX B M 


Tuberculosis (mild) 

23 

26 

30 

33 

X L G 


Rheumatic fc\ cr 

28 

32 

39 

40 

XI H H 

M 

Arsphenaminc derma- 

37 

39 

46 

48 



tills 





xn R F 

M 

Tuberculosis 



46 

48 

xm A R 

M 

InfecUous arthntis 

59 

59 

59 

60 


We can not suggest the tfie of curv'es similar to those presented in 
chart 9 for correctional purposes, since the tj’pe of curv e for rapidly 
settling bloods is dependent upon the relative importance of the 
packing factor, which would produce a greater straightening of the 
temperature rate curve for bloods wnth higher hematoents (greater 
cell \olumes) 

For climcal work, we suggest that all tests be earned out at a room 
temperature of 20° to 25°C , smee this range is not difficult to main- 
tain in most laboratoncs, and since we feel that the vanations in 
rate at such temperatures are not great enough to affect the value of 
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the results Any apparatus, which might be used to control the 
temperature more closely (constant temperature baths or rooms) 
would not be practical for clmical work, and so can not be advocated 
However, if tests must be made under unusual temperature condi 
tions, such as extreme summer heat, an attempt should be made to 
control the temperature between 20° and 25°C , or due allowance must 
be made m mterpretmg results It is obvious that it is only m rmddle 
range (doubtful cases) that the effect of temperature changes might 
mterfere with the mterpretation of results 

THE EFFECT OF INGESTION OF FOOD UPON THE STASILmf OF THE BLOOD 

Sedimentation rates and plasma protem fracbons (Wu’s (17) 
method) were determined upon blood samples from two subjects 
immediately before and shortly after the mgesbon of food In 
another expenment (no 3), the sedimentabon rate was determmed 
at 11 (X) am and at 4 00 p m , the subject not having eaten smee 
8 00 ajn In the last expenment (no 4) blood samples were taken 
for the detenmnabon of settlmg rates four hours after breakfast and 
again four hours after lunch on the same day 

The changes noted are qmte insignificant and confirm DeCouny’s 
(7) observabons It seems doubtful whether there is any reason to 
presenbe that tests for chmeal purposes should be run at any parbeu 
lar brae of the day 

THE EFFECT OF SHORT, VIOLENT EXERCISE HPON THE SEDIMENTATION 

RATE 

The effect of muscular exercise m Omcentrabng the blood (m 
creased plasma protein percentage and decreased plasma volume 
percentage) has been thoroughly studied by Scott, Hermann, and 
Snell (18), Peters, Bulger, Eisenmann, and Lee (19), and Rowe (20) 

In view of this concentrabon, it would be reasonable to expect that 
there would be some alterabon of the settling rate of the blood cells, 
but we can find no record of an experimental mvesbgabon of this 
point. Our experiments were made upon healthy, young mdividunls, 
blood samples bemg collected just before and immediately after the 
exerase penod. Plasma proteins were determined by the method of 
Wu (17), the plasma carbon dioxide by the Van Slyke and Stadie 
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TMlLE S 

Effect of 1 ) gestton of food ufon sl<}b!ltl\ of l! r Hoed 


Experiment 1 

E S, 

, normal 

>ounK V omin 



i 

Si*KiT^cn 


Cell 

Srttlin? 

after \ 
hour 




Total 

protein 

\olumc 


ptr c(rt 

per (tnt 

per cent 

per cent 

per cent 


No 1 — 11 30 a m , 4 hours after 
breakfast 

No 2 — 1 30 pm, 1 hour after 

1 

0 34 : 

2 66 

4 64 

7 64 

44 9 

13 

lunch 

0 31 

2 62 

4 54 

7 47 

42 9 

16 

Experiment 2 

c \\ 

M , normal > oung man 



Specimen 

Pbsma 

Cell 

Sctllmj; 
after J 
hour 




Total 

protein 

%olumc 


1 ffr cent 

ftr cent 

1 

1 per cent 

tier cent 

ftr cent 


No 1 — 11 30 a m , 3i hours after 
breakfast 

No 2 — 1 30 pm , 1 hour after 

0 32 

2 42 

4 95 

7 69 

46 9 

3 

lunch 

0 30 

2 60 

4 93 

7 83 

45 0 

3 


Exi>enmcnt3 M D R , normal joung woman 


'Specimen 

Cell 

volume 

Scltlinn 
after i 
hour 


per cent 1 


No 1 — II 00 ajn , 3 hours after breakfast 

42 7 

14 

No 2 — 1 00 p m , no lunch, S hours after breakfast 


17 


Experiment 4 f L M , normal j oung woman 


Sp^cmtcD 

Cell 

volume 

ter* 

In t h’XiT 

No 1 — 11 30 a m , 4 hours after brealJast 

per cent 

I 43 6 

6 

No 2 — i 30 p m , 4 hours after lunch 

43 6 

f> 


procedure (21), and the sedimentation rate and cell \olume on 
hepannated blood according to our ortn technic 

Short, \aolcnt exerasc of this nature tends to concentrate the blood, 
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mcreasmg the plasma protein percentage, which should, accordmg to 
our concept, make for more rapid settling of the cells, and at the same 
tune mcreasmg the cell volume percentage, which should retard 
sedipientation The observed decrease m the carbon dioxide content 
of the plasma should have no appreaable effect on the sedimentation 


TABLE 6 


E^ect of exemse upon the sedmentoilon rale 
EipCTzment 1 R- L J , a healthy younj roan ran up and down four flights of stairs 
four tunes, taking three minutes for the task, and being quite exhausted at the end 



Flunu 

CO, 

Heptiis 

Settled Id 


Fibrin 

' Clobolin 

^ Albtutiia 

ToUl 

pnsteia 

contest 

Tolome 

1 hour 


i*rd 

p€T etni 


ptrttni 

ftr cent 



Before exerdse 

0 25 

2 10 

4 80 

7 15 

49 0 

45 5 

6 

Alter exerdee 

0 27 

2 32 

4 95 

7 54 

3^0 

4S 0 

s 


Expemnent 2 M D R., a healthy young woman, ran up and down three flights 
of stairs SIX times In four minutes 



1 ’ 



Heparlfi 

c«U 

volome 

Settled la 


Fibrin 

Globalln 

Alhnmtn 

Toul 

protein 

1 boor 

Before exercise 

po end 

0 31 

Ptretmt 

2 n 

P«T C*Mi 

4 40 

per crtt 

6 85 ' 

45 6 

7 

After exerdse 

0 35 

2 22 

4 68 

7 25 

48 1 

6 


Experiment 3 P M H , a healthy young woman ran up and down three flights of 
stairs three times in two mnmtes 



Hrperia 

ceU 

rohnne 

Settled la 

1 hour 

Before exerdse 

40 4 

11 

After exerdse. 

44 2 

11 


veloaty, according to the studies of Ito (15) Assuming that other 
factors, such as mcreased lactic aad, have relatively neghgible effects, 
It would seem that, m the experiments noted, the mcrease in plasma 
proteins, particularly the fibnn fraction, produces an accelerating 
effect, which is approximately {m experiment 3 exactly) equalized 
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by the retarding cfTcct of the increase in cell volume percentage 
1 he subject warrants more study, but m the light of these expen- 
nienls, vc feel that the sedimentation vcloatj of the blood cells could 
not be altered materially by any usual state of actmty of the indi- 
vidual 


CONCILSIONS 

1 Ilcpann ib the ideal anticoagulant for blood sedimentation 
studies, Since it has no etTeet on the settling rate other than keeping 
the blood from clotting '1 he inorganic anticoagulants depress the 
rate of settling in projxirtion to their concentration Dilution vith 
the citrate '^lulion described in Lin/enmeicr’s technic slows the rate 
to a greater extent than does the diy salt 

2 Aggregation of the red blood cells under conditions obtaining in 
sedimentation tests is a completeh reecrsible phenomenon Blood 
ma> usually stand at room temjicraturc for six to twcKc hours wnthout 
the sedimentation rate being atTeeted matcnalK, whereas longer 
standing gcnerallj leads to a slowing of the rale \ll tests should be 
completed on the day when the blood is drawn 

3 Centrifuging blood for 20 minutes at 2500 r p m docs not affect 
Its settling \cloaly after remixing 

4 Blood dilution (with its own plasma) leads to more rapid settling 
of the cells In samples where the aggregating and packing factors 
are not largely ojicratne this change is represented bx a straight- 
hne cur\ e 

5 Aeration of x enous blood has no significant effect upon the rate 
of settling, therefore the collection of blood samples under oil is 
not neccssarj' 

6 Increase of temperature fxxitliin certain limits) makes for more 
rapid sedimentation Within the range of ordinary'’ room tempera- 
tures, the changes are hardl) significant 

7 The clianges in rate of settling due to the ingestion of food are 
slight and may be disregarded for ordinarx xxork 

S Short, xaolent exercise has an insignificant and x’ariable effect on 
the sedimentation rate Ihe accelerating effect of the fibrinogen 
increase is compensated by the retarding effect of the increase in 
cell volume 
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OBSERVATIONS ON THE EFFECT OF VARIOUS FACTORS 
ON THE DURATION OF THE ELECTRICAL SYSTOLE OF 
THE HEART AS INDICATED BY THE LENGTH OF THE 
Q-T INTERVAL OF THE ELECTROCARDIOGRAM 

By PAUL D WHITE and SEELEY G MUDD 
{From ikt Cardiac Clinic and Ldbaralory of the MartachuzeUs General Hosfiial^ Boston") 
(Received for publication October 3, 19281 

INTRODUenON 

The duration of systole, both absolute and relative to diastole, has 
long been a subject of interest to physiologists, but it has been almost 
wholly Ignored by clinicians In fact many physiaans are not even 
aware that the duration of systole vanes so much as it does with heart 
rate and that the first and second heart sounds are on some occasions 
twice as far apart m time as on other occasions A considerable 
physiological hterature relative to the duration of systole exists, but 
very Uttle is found m the climcal hterature Fndenaa (1) (2) and 
Jiliki (32) are the only wnters who have discussed the subject m any 
detail from the clmical pomt of view, that is, as to the effects of 
vanous pathological conditions on the duration of systole The one 
findmg of common knowledge physiologically and known to the few 
dimaans who have been mterested in^e subject us that systole 
shortens appreaably with mcreasmg pulM rates, but less rapidly than 
does diastole 

It has seemed to us worth while to gather more data on the effect 
of vanous climcal conditions on the duration of electneal systole to 
supplement the scanty information that we have at present Hence 
we have made measurements of dectncal systole m a large group of 
patients with vanous disease conditions ^ well as in a group of normal 
controls 

The duration of electneal systole we have measured from the 
electrocardiogram (the mterval between the begmmng of the Q wave 
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and the end of the T wave) as will be recounted below Although 
this interval has not coincided with the measurements made on many 
mechamcal curves, it is possible and m fact probable that it represents 
more accurately the true duration of systole, provided good measurable 
curves are obtained, than does any mechamcal record At least this 
interval is a reliable index of the duration of systole and can be used 
in a study of the relative effects of various conditions with a high degree 
of confidence in its reliability for such comparisons 

LITERATURE 

Fndenaa (1) m 1920 published a paper on the duration of systole under normal 
conditions as measured by the electrocardiogram, which method he considered 
reasonably acciuate He referred to early measurements of systole both by 
mechanical records and by electrocardiogram He concluded from his own study 
and from observations m the literature that “with nsmg pulse rates systole and 
diastole shorten but the latter more ’’ In measuring the 0-T mterval of the 
electrocardiogram, he found the 0 or R onset usually sharp with an accuracy of 
0 001 second The end of T was accurate in suitable curves to 0 01 second If 
the P wave fell on the T wave, measurement was, he thought, impossible Vana- 
tions in the leads were such that he always used lead H Average errors were 
not over 0 005 second 

He carefully selected and studied 50 normal people mostly between 20 and 40 
years old, 28 male and 22 female He found the foUowmg vanabons of the dura- 
tion of systole with pulse rate 


Table of Fndencta’s normal findings (expressed infractions of a second) 


Pulse rate 

Number of cases 

Average Q T mterval 

Limits of Q-T interval 

50-60,, 

4h[-; 

secondi 

0 405 

0 420-0 398 

60-70 

10 Ai 

0 370 

0 402-0 344 

70-80 

11 

0 353 

0 373-0 325 

80-90 

7 

0 339 

0 352-0 327 

90-100 

8 

0 335 

0 360-0 321 

100-110 

5 

0 318 

0 340-0 3P8 

110-120 

1 

0 302 


120-130 

3 

0 290 

0 312-0 273 

Over 130 

1 

0 280 



From these data Fndencia constructed the foUowmg formula for the determma- 
tion of the normal average duration of the Q-T interval of the electrocardiogram 
(systole) S = 8 22 in which S = Q'-T mterval, p ■= pulse period m hundredths 
of a second, and 8 22 = constant 
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Fridenda also investigated the effects of vonous drugs and poisons on the 
duration of ventncular syatole. Among other findings he reported that when the 
heart rate was mcreased by adrenaliu, systole was shortened much less than when 
the tachycardia resulted from muscular work- 

A later paper the same year (1920) by Fndenda (2) reported his findings in the 
study of the duration of systole in the electrocardiogram by the use of his formula 
under various abnormal conditions He concluded that a deviation greater than 
0 045 second from the eipected duration of systole as determined by his formula 
was the outer lirmt of normal Two hundred and eleven curves of 124 pabents 
were studied with measurements made from lead H He found two chief dilfi 
culUes in measurement, first m anhvthrma, and the 30 cases showmg arrhythmia 
he considered separately, and second m the presence of abnormahties of the T 
wave (absence, inversion, diphasic nature) He found that mveraion of the T 
wave shortened systole. 

Of 94 pabents with normal cardiac mechanism, Fndencin found only 65 whose 
electrocardiograms were satisfactory for measurement Of these 65 only 7 
showed an abnormal durabon of systole The diagnoses in these seven cases were, 
mitral stenosis 2, aorbc insulfiaency 1, aorbc stenosis 1, aortic and mitral in 
sulEacncy 1, m>ocarditis and scoliosis 1, and chronic nephntis with hypertension 
and uremia 1 Fridenda conduded that heart musde weakness and increased 
work for the heart caused prolonged systole in these cases However, hypeiten 
Sion, rmtral stenosis, and aortic valve disease generally m this senes gave normal 
Q-T mtervals 

Of 30 pabents inth arrhythmia 5 cases of auncular fibrillstlon were unmeasur 
able and the T wave was negabve in 9 more. In 15 cases with poslbve T waves 
all showed normal Q T intervals except five, too long m four and too short in one 
The eases with overlong Q T intervals showed many extrasystoles m one, complete 
heart block in two and partial heart block m one In one case of paroxy'smal 
tachycardia the Q T mterval was found too short but normal in two others with 
the same mechanism 

Fndenaa’a papers are of considerable interest and confirm condusively the 
observabon that electncal systole shortens wUh increasing heart rates but less 
than does diastole The apphcnbon of his formula to climcal cases and the con- 
dusions drawn at times from rather scanty material demanded further investiga- 
bon of the subject. 

Miki (32) added in 1922 clinical data to Fndenda's observations, but further 
study has seemed to us necessary to detemune whether or not there is any practical 
apphcabon cbmcally for the determination of the durabon of systole from the 
electrocardiogram 

Ifiki studied the electrocardiograms of 178 people and applied the three formu 
las of Fridenaa (1), Barett (30) and Lombard and Cope (26) to them all There 
was a great variation m these cases between the venous formulas, that of Lombard 
and Cope being least m agreement Among the 178 cases there were one of aortic 
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stenosis, 9 of aortic regurgitation, 10 of mitral regurgitation, 10 of mitral stenosis, 
3 of pulmomc stenosis, 12 of combmed valve lesions, 20 of left ventricular hyper- 
trophy, 1 of nght ventncular hypertrophy, 7 of cardiac dilatation, 7 of “myocar- 
ditis,” 10 of exophthalmic goiter, 1 of myxedema, 21 of nervousness, 7 with normal 
hearts and 5 with bradycardia without block In all this group there were onlj 
13 cases which gave a value of the duration of the Q-T mterval more than the limi t 
allowed by Fndenaa’s formula and these 13 cases were not particularly significant 
except that most of them had rapid rates (exophthalmic goiter, exercise, nervous- 
ness) Of 21 cases of aunculo-ventncular block, 16 gave results longer than the 
calculated figure from Fndenaa’s formula while only 9 were greater than Bazett’s 
formula allowed Miki concluded that m dissoaation the duration of systole may 
become abnormally long and that with damage to heart muscle there tends to 
be a shortenmg of systole rather than a lengthenmg, as Fndenaa had beheved 

Other workers, mainlv physiologists, have as already stated, studied the dura- 
tion of systole and references to their publications are listed at the end of this 
paper It may merely be noted here that the first who made observations on the 
shortenmg of systole with mcreasmg pulse rates from pulse tracmgs were Garrod 
(3, 4, 5, 6) m 1870 to 1875, Thurston (7) m 1876, Landois (8) m 1876, Waller (9) 
in 1887, Edgren (10) in 1889, Stockmann (11) in 1889, Kraus (12) m 1891, LUdentz 
(13) in 1892, Emthoven and de Lmt (14) m 1900, and Zuntz and Schumburg (15) 
m 1901 Smce then there have been many papers published concemmg the 
duration of systole as measured from pulse tracmgs or electrocardiograms, but 
there has been little of the climcal apphcation of the measurement of systole 

METHOD OR PRESENT STUDY 

During the past three years the electrocardiograms of 213 mdi- 
viduals, 50 normal and 163 abnormal, have been studied by us to 
d.etermine the influence of vanous factors on the duration of electrical 
ventncular systole Only good records with clearly defined Q-R-S 
and T waves were measur/'^^ Lead 11 was generally selected for 
measurement but if the venmcular deflections were higher and more 
clearly defined m leads I or m, either of these other leads was used 
A companson of the time mtervals m the various leads was made m 
several cases and as a rule the lead with the highest T wave gave the 
best mdication for measurement of the Q-T mterval Generally such 
a lead gave also somewhat longer Q-T mtervals but usually withm the 
limit of error allowed m measurement 

The duration of electrical systole was considered to be the time 
interval between the onset of the Q-R-S wave and the end of the T 
wave The use of this measurement for the duration of systole has 
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already been discussed by a number of workers and we bebeve that 
even if the Q-T mterval may not exactly mdicate the duration of 
systole at least it is a satisfactory mdex of it and accurate for com- 
parative studies As we have already remarked we beheve that this 
Q-T interval may actually record the duration of systole better than 
does any other measurement 

In each case the duration of the Q-T interval was measured for 
three or more successive heart cycles and then averaged , the heart rate 
was determmed by measurements also of the T Q mtervals givmg us 
thus the total cycle lengths The Lucas comparator was used for 
all the measurements Time mtervals were figured m ten thousandths 
of a second but finally recorded m thousandths of a second They 
are accurate we beheve down to one-hundredth of a second The 
electrocardiograms were made almost mvanably m the sittmg posi 
tion, rarely m the recumbent position 

The results have been charted as seen m the figures Because of 
the difficulty and dissatisfaction with the use of any formula, simple 
curves have been constructed to show the normal limits of the duration 
of electrical systole accordmg to the chief factor influencing it, namely 
pulse rate The findmgs m groups of cases representing a vanety of 
different conditions have been plotted agamst these normal control 
curves We beheve that this method serves better than any formula 
to show when systole is abnormally long or short, and to demonstrate 
the fact m a simple graphic way We have plotted m addition to our 
own SO normal control cases, 190 normal cases from the literature 
(those givmg satisfactory Q-T measurements), giving us thus a total 
of 240 normals for companson with ou^ abnormal cases 

BESULTS 

I Normal cases 

1 Results at rest In figure 1 is seen the chart of our 50 normal 
control cases There is evident a defimte relationship between dura- 
tion of electrical systole m thousandths of a second marked off by 
horizontal coSrdmates, and heart rate m beats per mmute marked off 
by vertical codrdmates Thus at rates between 60 and 70 the normal 
range of systole m our cases was from 0 400 to 0 314 second, at rates 
between 90 and 100 it was from 0 356 to 0 280, and at rates between 
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120 and ISO from 0 295 to 0 225 second The limits of these measure- 
ments are jomed, resultmg m a comet shaped track, narrow at fast 
rates These SO normal cases mduded 20 men, IS women and 1,5 
children (both boys and girls) For this figure and those that follow 
the duration of the heart cycle is plotted horizontally as well as heart 
rate, bemg 2 0 seconds for a rate of 30, 1 0 second for a rate of 60, 0 6 
second for a rate of 100, 0 5 second for a rate of 120, and 0 4 second for 
a rate of ISO 

In figure 2 is seen the chart of the 190 normal cases from the htera- 
ture fFndenaa, (1), Miki (32), Kraus and Nicolai (16), Seham (42), 
Bazett (30), Katz and Fed (36), and Fenn (35)). They mdude men, 
women and chddren On this chart m dotted hnes are superimposed 
the curves of figure 1 It will be seen that the limits m figure 2 are 
somewhat greater through most of the chart than those m figure 1 
The coBrdmates represent as m figure 1 the duration of systole and 
heart rate On all the charts to foUow, these same coBrdmates are 
indicated and the combmed limit curves of the 240 normal cases of 
figures 1 and 2 are superimposed so that at a glance one can tdl the 
situation m a given condition In the chart of the normal cases from 
the hterature shown m figure 2, the duration of systole at heart rates 
of 40 to 60 vanes from 0 480 to 0 308 second, at rates of 80 to 100 from 
0 390 to 0 270 second, at rates of 120 to 130 from 0 312 to 0 230 
second, and at rates of ISO to 160 from 0 240 to 0 220 second Two 
cases at extremdy fast heart rates (180 and 198) fall outside the pro- 
jected hmits, one above and one below 

2 Normal subjecli tn different positions Five normal subjects 
were electrocardiographed m three positions — ^lymg, sittmg and stand- 
mg In every mstance with one exception, the pulse rate rose as the 
position was changed from recumbent to sittmg, and m each mstance 
■without exception, the pulse rate rose further on changmg from the 
sittmg to the standing position As wiU be seen m figure 3 the (J-T 
mterval measurements show that the duration of dectncal sj stole 
\'anes exactly as does the pulse rate The normal hmit curves from 
figures 1 and 2 are charted on figure 3 

It -would appear that the effect of grarnty in cuttmg down the blood 
inflow volume m the nght heart, as reported by Lombard and Cope 
(41), IS not necessary m these five subjects discussed here to explam 
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[G 3 Tee Q~T Intervals of Five Normal Subjects in Various Positions 
A-E, m lying position, A'-E' m sitting position, and A' -E" m standing position 
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Fig 4 The Q-T Intervals of Ten Normal Indiyedhals Before and After Exercise 
A-K., at rest, A'— K.', B''— D", B'^' after exercise 
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the vanation m the duration of electrical systole Heart rate alone as 
in the records from the larger senes of normal subjects in the sittmg 
position (fig 1) may be accounted the chief, though doubtless, not 
the sole factor Whatever part gravity may play in these five sub- 
jects is a minor one However, it is quite possible that heart rate 
itself acts by its effect on the amount of blood entermg the heart, 
duration of electrical systole bemg controlled by this content of blood 
rather than by the varying heart rate m itself Other things bemg 
equal, the faster the heart rate the less blood enters the heart, the 
slower the rate the larger the blood volume in the ventncles If this 
IS so it would appear that gravity too, with change m position, should 
influence the duration of systole, but this influence is not apparent 
m the measurements of the present five subjects 

3 Normal cases after exercise In figure 4 are charted the results 
of exercise on the duration of ventncular systole m 10 normal subjects 
(young men) First, the subjects were electrocardiogrlaphed at rest 
(A to K) and then immediately after exerase consisting of runnng up 
and down four flights of stairs (A' to K') Three subjects were 
recorded a second time after exercise (B", C", D") and one was 
recorded a third time (B'") 

It IS obvious that all the measurements remamed well within the 
normal lirmts as charted from figures 1 and 2 

4 TIte effect of digitalis on normal subjects Five normal subjects 
were digitalized (to mild toxic effects) in the course of 7 to 10 days 
(2 0 to 3 0 grams of digitahs leaf by mouth), and electrocardiograms 
before digitalis and at the height of the effect of the drug were meas- 
ured As wfll be seen in figiire 5, aU measurements were well within 
normal lirmts permittmg us to conclude that digitahs in the normal 
subject does not influence appreaably the duration of electncal systole 
as measured by the Q-T interval of the electrocardiogram 

II Abnormal cases 

We now turn to stnctly pathological conditions and wfll consider 
first structural defects such as cardiac enlargement and valvular 
disease, then the effect of other conditions and diseases like hjqier- 
tension per se and diabetes, and finally functional conditions like 
congestive failure and abnormal tachycardias, bradycardias, and 
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Fig 6 The Q-T Interval of Ten Patients wmt Very Large Hearts Withoot \bnoiuial Axis Deviation 
F - four cases with auricular fibrillation also 
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arrhytlmua There are included m these pathological groups a total 
of 163 cases 

1 Struclural A Enlargemeiii of the heart anlhout abnormal axis 
deinatwn Ten cases with marked cardiac enlargement but without 
abnormal axis deviation were studied In some, the cause of the 
enlargement was unknown In a few, hypertension or aorhc regurgi- 
tation were factors Six had normal rhythm and four had auricular 
fibnllation The results are charted in figure 6 and the Q-T interval 
IS withm normal limits m every instance. 

We had thought that marked enlargement of the heart nught cause 
prolongation of electrical systole. This proved not to be the case 
when the Q T intervals of this group of cases were measured 

B Enlargement of the heart with abnormal left axis demotion To 
supplement the cases of cardiac enlargement without abnormal axis 
deviation, nine more cases with enlarged heart and an abnormal 
degree of left axis deviation were studied Hvpertension and aortic 
regurgitation were the chief undetlymg factors Only one of these 
mne patients showed a Q-T interval longer than the normal outer 
lumts (fig 7) One other case was on the upper border Ime of normal 
and one 3 ust within it. The others were well inside the normal limits 
Thus of 19 cases with very large hearts, only one showed a duration 
of systole above the normal limits as measured by the Q-T interval 
It may be said, therefore, that cardiac enlargement does not ordmarily 
cause an mcrease m the Q-T mterval 
C Aortic regurgitation Nine cases of aortic regurgitation, due to 
rheumatic or luetic etiology, were studi^ and are charted m figure 8 
In all the duration of systole was normal 
D Aortic stenosis Aortic stenosis, both m animal expenmen tabon 
and m the chnic, has been reported as a cause of systolic lengthemng 
(13, 20, 37, and 38) Figure 9 shows the results of the measurement 
of electneal systole of 6 cases of our own, one of which, very marked m 
degree, was confirmed by post mortem exammabon All measure- 
ments fall within normal limits, mduding even the one case B with 
shght bundle branch block in addibon 
E Mitral stenosis Ten cases of nutral stenosis all showed Q-T 
intervals well withm normal limits (fig 10) 

F Congenital heart disease Eight cases of congemtal cardiac 
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Fig 10 The Q-T Intervals of Ten Paiients with Mitral Stenosis 



Fio 11 The Q-T Intervals of Eight PArrorrs wi th Congenital Heart Disease 
) ■» those with patent ductos arteriosus (3) P — those with pulmonic stenosis (5) 



Fig 12 The Q-T Intervals of Ten Cases with Uncomplicated Essential Hypertension 
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Fio 13 The Q T Internals or Five Cases wmi U] 
A - 2 records oi one case 
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Fig 15 The Q-T Interval or Five Patients ^vrm Diabetes Mi 
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defects all showed normal duration of ^stole as measured by the Q-T 
interval Five of the patients were diagnosed as havmg puhnomc 
stenosis (P) and three as havmg patent ductus artenosus (D) 

2 Extrinsic factors A Hypertension H3rpertension has at tunes 
past been found present when systole is prolonged (28, 35 and 37) 
but in ten cases that we have studied m which the smgle factor of 
hypertension entered, we found all with a Q-T mterval withm normal 
hmits, though one was on the upper limit of normal These cases 
showed httle or no cardiac enlargement by physical examination or 
x-ray and no abnormal axis deviation by electrocardiogram 
B Uremia Five cases of uremia showed normal duration of 
electrical systole in all except one (fig 13) On both of two separate 
occasions, this patient’s Q-T mterval was too long 
C Blood calcium studies As shown by figure 14, the content of 
calaum m the blood serum appears defimtely to be a factor in con- 
trolhng the duration of the Q-T interval, in almost as striking a 
manner as is the pulse rate This relationship has already been 
pomted out by Carter and Andrus (34) and our findmgs are strongly 
confirmatory F ive cases have been studied by us from the standpomt 
of calcium content of the blood serum and the two cases (tetany) 
which showed marked dimmution of the serum calcium (A with 4 0 
mgm and D with 5 0 mgm per 100 cc of blood) both showed pro- 
longation of the Q-T interval beyond the normal, with a return to nor- 
mal as the blood calcium rose 

D Diabetes melhtus Five cases of diabetes mellitus were studied 
by us, three of them during the stage of hyperglycemia, all showed 
Q-T intervals withm normal linuts (fig 15) 

E Hyperthyroidism The? effect of hyperthyroidism was studied 
m eleven patients, m two of whom electrocardiograms were taken 
before and after correction of the hyperth)?roidism by operation 
Also m two of the cases, records were obtained durmg penods of 
auricular fibnllation as well as durmg normal rhythm As wiU be 
seen m figure 16, all the measurements are within normal limits except 
two, one a case with a metabolic rate of plus 32 per cent and normal 
rhythm and the other after operation with a metabolic rate of —5 
per cent and auricular fibrillation This latter case showed durmg 
normal rhythm, normal Q-T mtervals both before and after operation 
All the other cases showed normal duration of electncal systole 




Flo 16 The Q-T Inteevals or Eleven Patients wuh HvPEEiHYEOiDBit, in Two of These Cases A and C the Q T 
Inteevals Aftee Operation and Coehection of the Hyperthyeoidisji Are Also Shown (A', C", C'") 

B", C'' — cases during auricular fibrillation Tbe figures below the dots give the basal metabolic rates 
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F Hypolhyroidtsm The effect of hypothyroidism on the duration 
of the Q T interval was measured m five cases both before and after 
thyroid therapy In every case, the findmgs were well withm normal 
limits as seen in figure 17, although we had thought that a sluggish 
heart m mysedema might prolong electncal systole Of course, the 
pulse rate was mvanably slower dunng the hypothyroid stage, and 
in accord with the slower pulse rate, the Q-T mterval was longer 
G Acute infection Five cases have been studied to determine 
whether or not acute infection affects the duration of the Q-T mterval 
Electrocardiograms were taken and measured both dunng the mfecbon 
and after recovery Pneumonia was the infection m two cases and 
tonsdhtis and pharyngitis m the other three The Q T mterval dunng 
the infection was generally short but m exact relationship to the de- 
gree of tachycardia and hence well withm normal limits 
It IS of considerable mterest to observe that m two of the cases, the 
pulse rate was actually higher after the infection than dunng it, due 
to exatement and effort syndrome but nevertheless the Q T intervals 
vaned consistently as the heart rate 
3 Functional conditions A Congestive failure To determme 
whether congestive failure affects the duration of electncal systole 
we studied twelve cases, three with aimcular fibrillation and rune 
with normal rhythm Three of these patients we investigated agam 
after the congestive failure had disappeared under rest and digitahs 
We have already noted that digitahs per se does not affect the Q-T 
mterval All the measurements both durmg and after congestive 
failure were withm normal limits as shown m figure 19 
Heart muscle weakness and congestiv^ failure have been mentioned 
m the hterature as possible causes for prolongation of systole (2, 29) 
and also for shortemng of systole (32, 37) Our study of the twelve 
cases reported above shows no defimte effect either one way or the 
other 

B Auricular paroxysmal tachycardia Five cases of aimcular 
paroxysmal tachycardia have been studied by us both durmg the 
paroxysms and also durmg normal rhythm A little difiBculty has 
been expenenced at tunes m making the measurements but only those 
electrocardiograms allowing a reasonable degree of accuracy have 
been selected As seen in figure 20, there is a tendency for the Q-T 
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23 Thk Q-T Intervals or Two Cases or Ventriculae Paroxysmal Tact 
(A', BO AND Dttrino Normal Rhythm (A, B) 
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interval to be longer at the paroxysmal rates than would be expected 
on contmumg the so-called normal linnt curves The slowest paroxys- 
mal rate — 148 — was found with a Q-T mterval withm normal limits, 
but all four cases with rates over 180 showed relatively long Q-T 
mtervals Of course, here we have no normal controls for comparison 

C Voluntary acceleration of the heart rate One rare case of volun- 
tary acceleration of the heart rate was studied and found to have 
durations of the Q-T mterval perfectly normal at varymg rates 

(fig 21) 

D Auricular fibrillation mth restoration of normal rhythm The 
effect of auricular fibrillation on the duration of the Q-T mterval was 
studied m five cases m whom normal rhythm was later restored by 
qumidine sulphate A companson of the Q-T mterval dunng auncu- 
lar fibrillation and dunng normal rhythm was made The results axe 
charted m figure 22 All measurements were normal except three 
which were prolonged, two of these measurements were from the same 
case (B BO dunng auncular fibrillation and dunng normal rhythm 
and that case had also nght bundle branch block which wdl be dis- 
cussed later, the third measurement was also delayed beyond the 
normal but occurred m a case only during a very rapid ventncular 
rate (164) m auncular fibrillation, the Q-T mterval bemg withm nor- 
mal limits when the rhythm was normal and the rate slow (73) The 
other three cases showed entirely normal rhythm It would seem 
then from these measurements and those of seven other cases with 
auncular fibrillation shown m figures 6 and 19, that auncular fibrilla- 
tion m itself does not affect the Q-T interval, which ma> be prolonged, 
however, if there is a comcident bundle branch block or an extreme 
tachycardia Auncular fibrillation has been reported m some cases 
m the hterature with overlong Q-T intervals (2) and also with Q-T 
intervals shorter than normal (2, 31, 32, 36) 

E Ventricular paroxysmal tachycardia Two cases of ventncular 
paroxysmal tachycardia were electrocardiographed duimg their 
paroxysms and durmg normal rhythm The results are shown in 
figure 23 In one case the Q-T interval is much prolonged beyond 
the ffiormal outer limit (B') and m the other case the Q-T mterval 
falls, also above this upper hmit Ime if projected, but only a little 
above normal In both cases the Q-T mterval is well within normal 
limits dunng normal rhythm 
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Fig 27 The Q-T Intervals oe Fwe Patients with Partial Ahriculo-ventricular Block 
B-B , and C-C , represent the Q-T intervals in three of the cases at varying degrees of block and heart rate 


PAUL D ■n'HITE AND SEELEY G MUDD 4?S 

F Aunciilar premature beats A comparison has been made m five 
cases between the duration of the Q-T interval of an auricular pre- 
mature beat without aberration and that of a normal beat (fig 24) 
In one case the auricular premature beat Q-T interval was beyond the 
upper normal hrmt and m three other cases on or very close to it 
Only one was well within normal limits The “rate” for the pre- 
mature beats was calculated from the mterval between the preccdmg 
normal beat and the premature beat 

G Ventricular premature beats A similar study was made of four 
cases of ventncular premature beats Figure 25 shows that in aU of 
the four cases the Q-T mterval of the premature beat was much pro- 
longed beyond the normal lumts for heart rates based on the mterval 
between the precedmg normal beat and the premature beat This is 
what one would expect smce the abnormal ongm of the beat should 
cause a slower spread of the impulse and slower nse of mtraventncular 
pressure than normally 

B Smoauncular bradycardia Seven mstances of sinoauncular 
bradycardia without heart disease were studied All Q T intervals 
were withm normal limits except one which was shghtly overlong 
(fig 26) 

T Partial aurtculo ventricular block Five cases of partial aunculo- 
ventncular block have been examined and are charted in figure 27 
One was electrocardiographed during a penod of high grade partial 
block at two different rates in each case All measurements of 
electneal systole except the two of one of the cases are withm normal 
hrmts though varying rather widely The one case with prolonged 
Q-T mterval durmg both fast and slow rptes with block was a boy of 
SIX years with miliary tuberculosis 

J Complete aurtculo ventricular block Six cases of complete 
aunculo-ventncular block showed abnormally long Q-T intervals m 
all except two and those two were close to the upper edge of normal 
However, three of these four case with overlong Q T intervals had 
also bundle branch block and the Q-T intervals were extraordmarily 
prolonged, with one exception the longest that we ha\e encountered 
(all over 0 6 second m duration) One of them with varymg bundle 
branch block gave a measurement of the Q-T mterval of over 0 7 
second, the longest of our entire senes and about 0 2 second abo\e 
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Tig 28 The Q-T Intervals or Sdc Patients ivith Complete Auriculo-ventrictilar Block 
Cases A, B and E had also bundle branch block 
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Fio 29 The Q-T iNTEnVAts of Six Patients wini Bundle Bkanck Block 
C ases L, L bad left bundle brancb block, case LC left bundle branch block and complete aunculo-ventncular block, 
R, R nght bundle brancb block, and case A fartraventncular block of lesser grade 
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the normal upper lumts Of the three cases of complete aunculo- 
ventncular block without bundle branch block only one had a Q-T 
interval beyond normal limits and that was dose to the hne (fig 28) 

K Bufidle branch block Six further cases of bundle branch block 
(in addition to the three already noted under complete aunculo- 
ventncular block, and the one under aortic stenosis) have been studied 
Two showed right branch block and in one of these the Q-T mterval 
was just below and in the other just above the outer kmit of normal 
Three cases showed left bundle branch block, the Q-T mterval m one 
of these was just within normal limits, one was on the border hne 
itself, and one was very far beyond normal limits (nearly 0 7 second) 
In this last case, complete heart block was also present and so that 
instance should be added to the three already described with extremely 
long Q-T mtervals under the hdadmg of complete heart block The 
sixth case showed a lesser grade of mtraventricular block and its Q-T 
mterval was barely withm normal hmits However, all six cases were 
well above the normal average for duration of Q-T mterval and near 
or beyond the upper normal hmits This findmg is to be expected 
m view of the slow distribution of stimulus through the ventndes and 
mefliaent onset of ventncular contraction (fig 29) 

L Atnovenlncular nodal rhythm Two cases of the rare atno ven- 
tncular nodal rhythm were studied, one also durmg normal rhythm 
and the other durmg auncular fibnUation Both showed normal 
measurements for the Q-T mtervals m each instance (fig 30) 

M Low voltage of el-eclrocardtogram Finally, five cases showmg 
low voltage by electrocardiogram were studied AU showed Q-T 
mtervals withm normal hnfits except one with a very low pulse rate 
(38) due to complete heart block (fig 31) 

SUMMARY AND CONCLUSIONS 

1 A study IS here reported of the measurements of the Q-T interval 
made by us on carefully selected electrocardiographic plates with 
the help of the Lucas comparator m 213 mdividuals, of whom 50 were 
normal to act as controls (20 men, 15 women and 15 children), and 163 
were abnormal subjects to illustrate the effect of various pathological 
conditions 

2, A bnef review of the hterature concemmg the effect of various 
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factors on the duration of ^tole has been given, and references to 
papers hsted m a bibhography 

3 The interval from the beginning of the Q-R-S complex to the end 
of the T wave m satisfactory electrocardiograms may be considered as 
mdicative of the duration of electrical systole, and perhaps is a more 
accurate measurement of actual systohc duration than any other 
The more accurately mechamcal records of ventricular contraction 
are obtamed, the more closely does the duration of mechamcal systole 
approach that of electrical ^stole 

4 The prime factor mfluencmg the duration of both mechamcal 
systole and the Q-T mterval of the electrocardiogram has been found 
almost mvanably by previous workers to be heart rate This we 
have confirmed m our electrocardiographic study The faster the 
heart rate the shorter the duration of systole and of the Q-T mterval, 
although at faster heart rates the relative proportion of the heart cycle 
made up by systole steadily mcreases, as shown by the slope of the 
curve m figure 1 Whether the amount of blood entenng the heart 
at vanous rates is a controUmg factor is not dear 

5 As a standard for judgmg the normal duration of dectncal systole 
we have used a chart on which have been plotted accordmg to heart 
rate and duration of the Q-T interval (cofirdmates) first the measure- 
ments of our SO normal cases (fig 1) and then those of 190 normal 
cases from the hterature (fig 2) The outer limits of these 240 normal 
case measurements have then been jomed by curve lines and the 
resultmg figure has been used for judgment as to vanation from the 
normal of our 163 abnormal cases This method has seemed to us 
considerably more satisfactory than the apphcation of any formula 
(no smtable formula has been devised) Also our method has the 
advantage of rapid graphic illustration Against the normal curves 
have been plotted the measurements of the Q-T interval in all of our 
163 abnormal cases divided mto groups accordmg to the abnormal 
condition present 

6 For the 240 normal cases the outer limits of normal for the Q-T 
interval vaned from 0 480 to 0 300 second at a heart rate of 50 and 
heart cyde of 1 2 second to 0^62 to 0 214 second at a heart rate of 
150 and heart cyde of 0 4 second There is thus at slower pulse rates 
a wide normal vanabon perhaps due to vanaUons in diastohc fillin g 
of the heart The curve (fig 2) resembles somewhat a comet track 
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7 In normal individuals, the Q-T interval remained normal with 
change in position, exercise and digitahzation 

8 Of aU the 163 abnormal cases, only two gave a duration of Q-T 
mterval slightly shorter than normal and those were both cases with 
hyperthyroidism, one of whom also had auncular fibrillation and the 
other a well marked tachycardia Both of these cases deviated but 
httle from the normal (0 018 second m one and 0 025 second m the 
other) No case m the entire senes of 163 abnonnal mdividuals 
gave a duration of systole much shorter than normal 

9 A number of the 163 abnormal cases showed Q-T mtervals longer 
than normal Of these the most striking and uniform were four groups, 
first those cases with bundle branch block (sis out of ten, the remaimng 
four bemg on or close to the upper edge of normal), second those cases 
with very low blood serum calcium content (both of two cases), 
third the complexes of ventricular paroxysmal tachycardia (both of 
two cases) and of ventncular premature beats (all of four cases), and 
fourth four out of five cases of auncular paroxysmal tachycardia 
Bundle branch block, ventncular premature beats and ventncular 
paroxysmal tachycardia are alike m the abnormal and slow distnbu- 
tion of the exatation wave through the entire ventncular musculature 
The rates for the auncular paroxysmal tachycardia were so fast that 
we had no normal curves for companson except by projection which 
IS based on supposition only 

10 The slow pulse of complete heart block (seven of nme cases, 
four of which seven, however, had bundle branch block also and one 
low voltage), of one case of smoauncular bradycardia (out of seven), 
and of one case of partial aunculoventncular block (out of five) was 
assoaated with an abnormally long Q-T mterval The longest 
mtervals of aU were found m four cases of combmed bundle branch 
block and complete heart block and they were 0 718 second (at rate 
of 36), 0 668 second (at rate of 34), 0 638 second (at rate of 23) and 
0 632 secona (at rate of 45) These were the only Q-T mtervals in 
the entire series of 213 cases which measured more than 0 6 second 
long 

11 A few other scattered cases showed Q-T mtervals shghtly longer 
than normal They were one case (out of five) of uremia, one case 
(out of mneteen) with a very large heart, one case (out of five) of 
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auncular premature beats (three others were on or near the upper 
normal limi t line), and one case of auncular fibrillation with a very- 
rapid ventncular rate Thus there were altogether of the 163 ab- 
normal cases, 22 which showed overlong Q-T mtervals and 18 of those 
showed either bundle branch block, very slow pulse rates, as m com- 
plete heart block, very fast pulse rates as m auncular or ventncular 
paroxysmal tachycardia, ventncular premature beat complexes, or 
too low a content of calaum in the blood serum 

12 Of pathological conditions, cardiac enlargement, aortic regurgi- 
tation, aortic stenosis, mitral stenosis, congemtal cardiac defects 
hypertension, diabetes melhtus, hyperthyroidism, hypothyroidism, 
acute infecbon, congestive failure, auncular fibrillation, atnoventncu- 
lar nodal rhy thm and low voltage in themselves did not affect the 
duration of the Q T interval m the senes studied here 

13 The measurement of the duration of the Q T mterval of the 
dectrocardiogram is apparently of little or no clinical value 

We take great pleasure in acknowledging the help that has been 
given to us m the measurements of the Q-T interval by Drs Howard 
B Sprague, T Duckett Jones, J Francis Kellogg, and Paul V 
Ledbetter 
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THE CALORIGENETIC ACTION OF THYROXIN AT DIFFER- 
ENT LEVELS OF BASAL ilETABOLISM IN MYXEDEMA 
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INTRODDCTIOM 

In the course of a study of the change m plasma volume accompany- 
mg treatment with desiccated thjTOid m myxedema (1), it was noted 
that after the basal metabohe rate had been restored to normal, 
further increases in thyroid dosage up to four tunes the mamtenance 
requirement produced proportionately much smaller increases m 
basal metabolism than did the mamtenance dose. The effect at a 
normal level, in fact, appeared to be of about the same magmtude as 
that produced by givmg thyroid to a normal individual 

It seemed desirable to confirm these observaDons, using thyroxin 
mtravenously instead of desiccated thyroid by mouth, m order to 
eliminate the possibihty of non absorption of the latter from the 
gastro intestmal tract 

METHOD 

Accordingly, two patients with untreated typical myxedema were 
each given 10 mgm of thyroxin mtravenously, and the influence on 
heat production and on chmcal symptoms were compared with those 
following the same dose given to each patient at a later penod when 
the basal metabolism was maintamed at a normal level by desiccated 
thjTToid (figs 1 to 6) 

Both patients were kept in the hospital on routme diet throughout 
the “thyroxm curve” periods, with the exception of the second paDent 
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who was not in the hospital during the time covered by the latter 
two-thirds of the first curve 

It IS very important to keep the patient for a long tune on a given 
dose of desiccated th)n:oid before drawing the conclusion that a meta- 
bohc level is established on that dose The first patient was kept for 
four months on three grains of desiccated thyroid daily before the 
second mjection of thyroxm The second patient was kept for nearly 
two months on three grains, and then for four months on one and 
one-haH grams of dessicated th3T:oid daily before the second injection 
of thyroxm, and on three grains daily for rune months before the third 
mjection Moreover, after a level had been estabhshed on these 
doses at home, a change occurred after return to the hospital the 
metabohsm determmations were usually lower, evidently due to the 
ehmmation of a rather long journey to the hospital before each test 

In order to keep conditions constant throughout the experiment, 
i/ie daily doses of desiocated thyroid were continued following the second 
and third injections of thyroxin 

Basal metabohc rates were determined with the Roth-Benedict 
apparatus, using Aub-DuBois stndards 

We used Squibb’s thyroxm and Armour’s desiccated thyroid 

DATA 

The course of the basal metabohc rate, of the pulse and of the 
weight m each instance, is depicted m figures 1 and 2 The effect 
of each mjection on the basal metabohsm is shown m detail in figures 
3 and 4 The temperature reactions after each mjection are shown 
m figures 5 and 6 

The general chmcal course of the toxic effects of an mjection of 
thyroxm has been descnbed by Boothby, Sandiford, Sandiford and 
Slosse (2), but detailed descriptions of the onset and duration of 
both toxic and benefiaal effects in their relation to metabohsm, have 
not been reported For this reason, the chmcal histones of these 
two patients are given m detail 

Cose i (figs 1,3 and 5) Lab No 4671 Mrs E G Age48 Acaseofun- 
treated typical myxedema On entermg the hospital May 7th, 1927, her face was 
puffy, and she had swellmg of the h8Lnds and legs which felt numb and clumsy 
She had gained 60 pounds m the last four years Her tongue was thick and her 




MONWS 

1 Case 1 IlEiom 170 cu The Erracr on Basal JIbiabouc Rate, Bulse and Weight or tiie Intkavenops 
Injection or 10 mgu or Thyroxin, in a Patient wun Myxedema, at Dieebrent Leveis or Basal Metabousu 
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Fig 2 Case 2 Height 160 cm Also Showing the Effect on Basal Metabolic Rate, Pulse and Weight of the In- 
travenous Injection of 10 mgm of Thyroxin, in a Patient with Myxedema, at Different Levels of Basal 
Metabolism (Minus 45 Per Cent, Minus 13 Per Cent and Minus 6 Per Cent) 

Note that m both figure 1 and figure 2, the daily dose of desiccated thyroid which had been used to establish the higher 
levels of basal metabolism before the injecUons of thyroxm, was contmued throughout the penod that the thyroxin had any 
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hair very dry and bnttle Her sUn was drv and scaly and showed marked ^ 
mentation on the face and arms Her voice was hoarse and her speech extrem 
alow and deliberate She felt sleepy, weak and cold all the time, and had so 
dv^nea and palpitation on exertion She never pergnred Her appetite i 
poor and she was constipated She was markedly slowed mentally, her mem' 
was very poor, and she was somewhat deaf Her catamema had been, absent 
Ell years Her basal metabobc rate was minus 40 per cent 

On hfay 14th at 3 p m she was given 10 mflligrams of thyrorm mtravenoui 
At 6 p m her skin felt warmer and her pulse had risen slightly She had so 
palpitation during the night. Next morning she appeared brighter and tall 
faster The edema of her eyelids had noticeably diminished- There was slf; 
pain on moderate pressure of muscles of the nght neck, upper arm and the lo’ 
half of both legs The following day she hod marked palpitation and ‘ 
as If she were burning up She was nauseated and vomited three times S 
had a slight watery nasal discharge On the 17th the edema of her eye! 
w'os practically all gone Her mouth and lips were parched She was thir 
and was passing more urine than usuaL There was no mcrcase m mui 
soreness The next daj she noticed that she felt less drowsy and that the s 
on her face was softer, although it was still rough and dry on her hands 3 
tongue felt as though It had * more room” in hex mouth- On the 19th 
muscle soreness had increased somewhat On the 20th it was noted that the s 
of her hands was definitely smoother and softer Her heart was much qulci 
Her facial expression had completely changed, due to the disappearance of edei 
Her basal metabolism had reached its highest level of plus 3 per cent By 
25th her skm was peeling all over her bod^ She felt brighter and stronger i 
moved about much more quickly The muscle soreness was not as mark 
The pigmentation of her was beginning to fade Her hair was start 
to fall out B> the 30th the desquamation of her skin was very marked, par 
ularly on her legs Although still edematous at the ankles, her legs felt much ] 
heavj and numb She did not mind the cold and her appetite was improvi 
Her voice was much less hoarse and she talked much more quickly than on cni 
June 3rd the peclmg of the skm was less marked.and her hands did not feel as 1 
Her ankles were still swollen slightly, but there was no edema of the face, 
the 11th she stated that her hearing was better and that she could t hink to 
quicklv than before the mjection of thjTOxln She could also move her finj 
and toes more easQ} June I5th she was still impnndng although her b£ 
metabolism had fallen to minus 28 per cent, June 18th edema of the eyelids 
gan to recur and she began to feel as if she would enjoy a nap after lunch 1 
had had no ankle swelling for about a week July 2nd she was still feeling t 
and n as able to walk around the hospital yard six times without resting — the f 
time she had accomplished such a feat, Jul> 4th her voice was sbghtly hoarse \ 
she talked a trifie more *lo\\l\ The pigmentation of her skm had faded still me 
Jul> I2th the skin had stopped peeling on her face but was still peeling marke 
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on her pa lms She found it harder to keep balanced when walking July 20th she 
felt more drowsy July 29th her lower eyelids were markedly swollen on ansmg 
The thick heavy skm on the soles of her feet had begun to peel Her basal metab- 
olism was minus 33 per cent August 8th she had some numbness of the fingers 
of her left hand Her skin was shghtly dry and it had just finished peehng on he^r 
hands Her hair was not falling out She was somewhat slowed up and her 
walkmg was a httle unsteady Her tongue was gradually becommg thick agam 
Marked edema of the eyehds was present on ansmg, but there was no noticeable 
mcrease m edema elsewhere She was not cold and said that she felt much 
stronger and bnghter than when she entered the hospital Her basal metabolism 
had reached its pre-mjection level of minus 40 per cent 

On August 9th she was started on 3 grains of Armour’s desiccated thyroid daily 
Withm two days she felt bnghter and less sleepy By August 16th the puffiness 
of her eyelids had diminished considerably and by August 29th it was gone She 
felt tired however By September 3rd the skm on her feet had stopped peehng 
She had shght muscle and jomt pains Her ham was falhng out a httle but new 
hair was growing m October 1st she was discharged from the hospital with a 
normal basal metabolism Her skin was smooth except for some peehng on her 
arms and hands There was no edema of her eyehds Her feet felt more supple 
and she was stronger and bnghter than one month previously The pigmenta- 
tion on her arms and face had faded markedly While home, she became more 
nervous, tired easily and appeared a httle "washed out ” October 23rd she had 
her first normal catamema for seven years She was readmitted to the hospital 
November 29th In a few days she felt more rested Her level of basal metab- 
olism was mmus 4 per cent 

She was given 10 mgm of thyroxm mtravenously at 12 pm December 8th 
Desiccated thyroid (3 grams daily) was contmued December 9th she noted no 
change except that she felt warmer, her heart pounded somewhat and the muscles 
of her left arm were slightly tender That mght she had a slight feehng of suffoca- 
tion and had "catching pains” m her left axilla for about 15 mmutes December 
10th she was a httle nervous and “shaky ” By the 11th she was still feehng 
warmer and perspirmg more Her pulse became rapid only on exertion She 
had anorexia and shght nausea but no vomitmg On the 12th she was very 
thirsty and was unsteady on her feet December 13th, when m bed, she felt well, 
when walking about she got “shaky ” She had attacks of marked perspuation 
and her mouth felt dry and parched December 14th she was tremulous, had 
mtermittent muscle pains, and felt hot and fidgety On the 15th she felt much 
better Her appetite was improvmg December 16th, although stiU somewhat 
fidgety, her muscle pains had disappeared She noticed a marked mcrease m 
salivation smce receivmg thyroxm She had practically no palpitation On 
the 18th she still felt unusually warm. The pigmentation of her skm had almost 
completely faded December 20th she had no complamts She felt better than 
she did on entry m that she was more rested Her nervousness had practically 
disappeared On the 29th she was clmicaUy the same Her skm was still 
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slightly more wann and moist than normal, although this had decreased notlceablv 
within the lost week. Her hair had begun to fall out about one week previously 
By January Ist, 1928 her basal metabolism had returned to its pre-injection level 
On the 7th she was discharged from the ho^ital, still taking 3 grams of desiccated 
thyroid dallv After she went home, os she was tlnng easily and was nervous 
and restless at night, per^Ired easily and had some precordial pam and palpita 
tion, her dose of thiyold was reduced to 2 grains cMly on April 28th and to 
1 J grams daily on May 25th On this smaller dose she gradually became stronger 
When last seen December 21st, 1928, she was well, hod no palpitation, was not 
nervous, did not tire easfly and weighed a little more than when taking 3 grains 
of thyroid daily There were no signs or symptoms of myxedema. Her basal 
metabolism was minus 2 per cent 

Case Z (figs. 2, 4 and 6) Lab No 4533 Mrs. M B Age 30 On entering 
the hospital February 19th, 1927, she was a classical case of imtreated myxedema. 
She bad been steadfly gaming weight and had had no catamenia for five years 
Her tongue, face, hands, abdomen and legs were swollen Her hair was coarse 
and dry Her skin was very dry and scaling and she never perspired Her 
speech was slow She was always cold and drowsy Her appetite was poor, she 
was nauseated in the mornings and was very constipated. Her mental processes 
had become very slow and her memory poor She was ataxic and had frequent 
headaches The level of her basal metabolism was mmns 45 per cent. 

On March 3rd, at 3 p m- she was given 10 mgm of thyroxin mtravenously 
At midnight she passed an unusually large amount of urine. All the next day 
she had a severe headache and marked nausea and anorexia, with increased thirst. 
She felt warm and objectively her face felt very hot There was a noticeable 
diminution in the edema of her evehds She had slight pains all over her body and 
by evening her arm and leg muscles were sore on moderate pressure Mardi 5th 
her headache was less severe. She felt very hot — her temperature was 104®F 
In the afternoon all her tissues all over her body were extremely sore She sweated 
profusely all night. Next day her muscle soreness was much less, although stfll 
marked m the leg muscles She was nervous and tremulous. The edema of her 
face had markedl) diminished March 10th her basal metabolism had reached 
Its highest level of minus 6 per cent For the first time in several days she was 
able to cat a moderate amount She talked faster and louder and felt much 
brighter She was still thirsty and passing an increased amount of urme. On 
the 12th the swelling had disappeared from her face and none was noticeable 
elsewhere In the body She hod no headache She shook violently on trying to 
stand up She had had no nausea and vomiting for two days and her muscle 
soreness had subsided She looked much brighter The skin on her hands 
was more moist and smooth and the skin on her face and feet had Just begim to 
peel March I4th she felt much Improved and could walk better than for a week. 
Her appetite was fair B\ the 20th she was "feeling good," hut she could not eat 
On the 23rd her skin was still dr> on her trunk, although definitely softer on her 

Ttt* or cxnncu, umawoiTtox you yji, »o J 
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on her palms She found it harder to keep balanced when w alkin g July 20th she 
felt more drowsy July 29th her lower eyehds were markedly swollen on arising 
The thick heavy skm on the soles of her feet had begun to peel Her basal metab- 
olism was minus 33 per cent August 8th she had some numbness of the fingers 
of her left hand Her skm was slightly dry and it had just finished peeling on hej: 
hands Her hair was not fallmg out She was somewhat slowed up and her 
walkmg was a little unsteady Her tongue was gradually becommg thick agam 
Marked edema of the eyehds was present on arising, but there was no noticeable 
mcrease m edema elsewhere She was not cold and said that she felt much 
stronger and bnghter than when she entered the hospital Her basal metabohsm 
had reached its pre-mjecbon level of minus 40 per cent 

On August 9th she was started on 3 grains of Armour’s desiccated thyroid daily 
Withm two days she felt bnghter and less sleepy By August 16th the puffiness 
of her eyelids had diminished considerably and by August 29th it was gone She 
felt tired however By September 3rd the skm on her feet had stopped peehng 
She had shght muscle and jomt pains Her hair was falling out a httle but new 
hair was growmg m October ist she was discharged from the hospital with a 
normal basal metabolism Her skm was smooth except for some peehng on her 
arms and hands There was no edema of her eyehds Her feet felt more supple 
and she was stronger and bnghter than one month previously The pigmenta- 
tion on her arms and face had faded markedly While home, she became more 
nervous, fared easily and appeared a httle “washed out ” October 23rd she had 
her first normal catamenia for seven years She was readmitted to the hospital 
November 29th In a few days she felt more rested Her level of basal metab- 
olism was min us 4 per cent 

She was given 10 mgm of thyroxm mtravenously at 12 pm December 8th 
Desiccated thyroid (3 grains daily) was contmued December 9th she noted no 
change except that she felt warmer, her heart pounded somewhat and the muscles 
of h^r left arm were shghtly tender That mght she had a shght feehng of suffoca- 
tion and had “catchmg pains” m her left axilla for about 15 mmutes December 
10th she was a httle nervous and “shaky ” By the 11th she was still feehng 
warmer and perspiring more Her pulse became rapid only on exertion She 
had anorexia and shght nausea but no vomitmg On the 12th she was very 
thirsty and was unsteady on her feet December 13th, when m bed, she felt well, 
when walkmg about she got “shaky ” She had attacks of marked perspiration 
and her mouth felt dry and parched December 14th she was tremulous, had 
mtermittent muscle pains, and felt hot and fidgety On the 15th she felt much 
better Her appetite was improving December 16th, although still somewhat 
fidgety, her muscle pains had disappeared She noticed a marked mcrease m 
sahvation smce receivmg thyroxm She had practically no palpitation On 
the 18th she sfaU felt unusually warm. The pigmentation of her skm had almost 
completely faded December 20th she had no complamts She felt better than 
she did on entry m that she was more rested Her nervousness had practically 
disappeared On the 29th she was clmically the same Her skm was still 
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knee jerks, was probably rmrelated to her myxedema There was no essential 
change in her basal metabolism. 

November 28th, she was given 10 mgm of thyroxin intravenously at 8 p m. 
Desiccated thyroid, grains li daily, was continued. During the mght her head 
began to ache Next morning her headache was gone, but she felt more nervous 
and restless In the evening she vomited. On the 30th she felt exceedmgly 
warm Her skm was hot although not moist, and her temperature was 101.5°F 
She had a headache and was thirsty She was not passing more urine Decern 
ber 1st she had no headache, nausea or fever, but she felt weaker and more nervous 
On the 2nd her nervousness had decreased. On the 3rd she felt “fine ' and con 
tmued thus, except for a transient attack of aches and pains on Dece m ber 15th 
Her basal metabolism reached its pre injection level of minus 13 per cent about 
December 21sL On the 31st she was discharged from the hospital, with a basal 
metabolism of mmus 18 per cent She felt much brighter and liveber than on 
admission and had no ataxia. One and one-half grams of thyroid was continued 
at home On this dose she felt well until February 1928, when she had begun to be 
dopey and drowsy again Thyroid was mcteased to 3 grams daily On this dose 
her metabolism rose to normal, she became more nervous and bred more easily 
Her appetite was poor She had no palpitation She reentered the hospital 
November 17th. There were no signs or symptoms of mvxtdema and her basal 
metabolic level was mmus 6 per cent 

She was given 10 mgm. of thyroxin intravenously at 6 pjn., November 26th 
At about 10 o'clock that night a dull headache which she had had tor several days, 
became much worse, and she became nauseated. Next morning there was some 
tenderness of the leg and arm muscles this became more pronounced towards 
evening She was very nervous, had a tremor, was unusuall} thirsty and per 
spired a great deal. That night she had severe pain about the umbilicus and 
vomited four times On the 28tb her nausea and headache were less marked, 
and her skm was not so warm. Her temperature was 100°F Her muscles were 
still sore. On the 29th she was much less nervous and she had no tremor or 
nausea. Muscle tenderness was much less marked. Her skm temperature was 
about normal November 30th she had some palpitation and nausea in the mom 
mg, and she felt nervous and jumpy In the afternoon her heart was quieter 
Her skin felt warm and her leg muscles were still qmte tender She was dnnkmg 
more water and passmg more unne December Ist, her appetite, which had been 
poor rince mjection, unproved. On the 2nd, muscle tenderness was confined 
to the legs, which were moderately tender She had no cardiac symptoms De 
cember 5th she was feeling welh The muscles of her right calf were still slightly 
tender By the 7 th muscle tenderness had completely disappeared. From 
then on, her progress was uneventful, except for a mild upper respiratory infection 
about December 17th. Her basal metabolism reached its pre injection level of 
mmus 6 pet cent about December 19th She was dischaiged on 3 grains of 
thyroid daily, on the 2IsL March llth, 1929, when last seen, she was wclL 
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There were no signs or symptoms of myxedema and her basal metabohsm was 
plus 2 per cent 



Fig 3 Case 1 Showing in Detail the Marked Deffebences in the Magni- 
tude AND Duration of the iNcaiEASE in Basal Metabolism Following the 
Intravenous Injection of 10 mgm of Thyroxin, at Different Metabolic 
Levels (LIlnus 40 Per Cent and Minus 4 Per Cent) 

Comparison of effect on hasal metabolism of the intravenous injection of 
10 mgm of thyroxin when the patients were myocedematous 
and when they were normal 

It may be noted from figures 3 and 4 that, when the patients were 
myxedematous, the mcrease m basal metabohsm following the mtra- 
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Fio 4 Case 2 Axso Showino m Detail the JIakked Dieferences in the 
Magnitude and Duration of the Increase in Basal Metabolism Follow- 
ing THE Intravenous Injechon of 10 ugu op Thtroxin, at Different 
Meiabouc Levels (Minus 45 Per Cent, Minus 13 Pee Cent and iliNus 
6 Per Cent) 
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venous injection of 10 mgtn of thyroxin was of much greater magm- 
tude and of much longer duration than when the patients were normal 
These differences are summarized m table 1 
The total excess heat produced by each mjection of 10 milhgrams 
of thyroxm was estimated as follows 
The daily metabohc rates were plotted on graph paper ruled in 
small squares (sample msert in each figure), each small square repre- 
sentmg a change of 1 per cent in the standard normal basal calones 


TABLE 1 


Sunmary of efect on basal metabohsm produced by the intravenous injection of 10 mgm of 
thyroxin at di^erenl metabolic levels in myxedema 


! Case number 

! 

B M.R. before bjcction 

Surface area before Injec 
don 

C 

a 

i 

kt 

1 

Total excess calones 

Excess calones per square 
meter body surface 

■( 


tj m 

1 89 

1,375 

22,455 

m 

_4 

1 74 

221 



f 

-45 

1 65 

1,458 



2 

-13 

1 57 

303 

4,165 

2,655 

1 

-6 


201 

2,815 



M 8 

ll 

si . 

w k, 

S3 S. 

Ph 

1 Per cent rise m B M.R, 
per square meter body 
surface per milbgram in- 
jected 

B i 

*S*d 

11 

•5*9 

S(2 

1” 

Time required for B M.R. 
to drop from TnnYimttm 
to pre-mfectlon level 


! 2 3 

days 

days 

days 

4 3 


6 

86 

80 

2 0 

1 2 

4 

24 

18 

3 9 

2 4 

5 

93 

85 

2 7 

1 7 

5 

23 

18 

2 1 

1 3 

4 

23 

19 


per square meter per 24 hours A curve was drawn through the 
points thus plotted, to denote the actual course of the metabohsm 
The base hne was the level of the metabolism before the mjection of 
th3uoxin The number of squares contamed m the area bounded 
by the base hne and the curve was counted The difference m the 
number of squares m the graphs at different metabohc levels gives a 
fauly close estimate of the difference in the magmtude of the response 
at each level but to brmg each response to terms of total excess heat 
production, the normal basal metabohc rate (Aub-DuBois standards) 
m calones for 24 hours was multiphed by the number of squares and 
the result divided by one hundred 
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Eismple 
Case 1 

Basal mttabolic rate before injection, minus 40 per cent 
Standard normal calones per sqnare meter per hour •• 36 0 
Body surface before mjection — 1 89 square meters 

If metabolic rate rvere standard normal before injection, total basal calories for 


24 hours would be 36 0 X 24 X 1 89 
Number of squares m graph “ 1375 

Totaleicesscalonesproducedby lOmgm ofthyrorm 


360X24X189 X1375 
100 


- 22,455 

Total eicess calones per square meter produced by 10 mgm. of thyroim » 


36 0 X 24 X 1375 
100 


- ll^SO 


The method used is rough, but is suffiaently accurate, considermg 
the number of other variables which enter into the situation, to show 
the marked differences m reaction which occur at different levels of 
basal metabolism.* 


When the patients were myxedematous with basal metabohc rates 
of minus 40 and mmus 4S per cent, the total excess heat produced 

22,455 


by the mjecbon of 10 mgm of thyroxin was 


3,320 


6 8 times and 


7 5 tunes as great respectively as when they were normal 


21,075 
2,815 

with rates of minus 4 and mmus 6 per cent 

It IS of mterest that the ascendmg portions of the curves 
occupied about the same length of time (4 to 6 days) at both the 
normal and the myxedematous levds, being possibly a httle shorter 
at the normal level 

The rate of mcrease in heat production was greatest immediately 
following mjection, particularly at the myxedematous level Thus 
m case 1 it had risen 16 out of 43 pomts withm 18 hours after mjection 
and 33 pomts withm 42 hours it then remamed at a level for another 
48 hours before starting to nsc to its maximum, which was reached 
138 hours after mjection In case 2 it had risen 20 out of 39 pomts 


* In each calculauon the figure used for surface urea is that of the patient Jnst 
before injection The ensuing changes in area are not taken into account, because 
the Influence on final results is so slight 
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Within 18 hours alter injection, and then remained at about the same 
level for another 48 hours before starbng to nse to its maTirnmn ^ 
which was reached 114 hours after mjection 

The descending portions of the curves occupied a much longer time 
when the mjection was given at the myxedematous levels (80 to 85 
days) than when it was given at the normal levels (18 to 19 days) 
At the normal levels, the imtial part of the fall was perhaps a httle 
steeper than the last part The long plateau, at a level a httle above 
the base hne, which was an outstanding feature of the descendmg 
portion of the curve when the mjection was given at a myxedematous 
level, was missmg 

Ccnnpanson of effect on climcal condition of tJie intravenous injection of 
10 mgm of thyroxin when the patients were myxedematous 
and when they were normal 

As the clinical histones show, there were two outstanding dif- 
ferences 

1 The symptoms attnbutable to mtoxication, viz , vomitmg, 
anorexia, fever, headache, palpitation, mcreased thirst, tremor and 
muscle tenderness, were aU more marked when the patients were 
jnyxedematous than when they were normal 

2 The chmcal improvement at the myxedematous level was stnk- 
mg at the normal level, the only effect was a toxic one 

It IS of mterest that the degree of muscle tenderness and the mcrease 
m temperature following injection appear to vary directly with one 
another Thus, in the first patient, there was only shght muscle 
tenderness even at the myxedematous level, and the temperature was 
only shghtly elevated (fig 5) at the myxedematous and not at aU at the 
normal level In the second patient, however, the muscle tenderness 
was very severe at the m 3 rxedematous level and the temperature 
was correspondmgly high, viz , 104 degrees Fahrenheit (fig 6) at the 
normal level both were less affected, but nevertheless were as marked 
as m the first patient at the myxedematous level These observa- 
tions suggest that the muscle tenderness and mcrease m body tempera- 
ture following the mjection of thyroxm, may be due to the same cause, 

1 e , destruction of tissue 

A st rikin g feature was the rapidity with which the chmcal reaction 
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appeared following the injections This was shown particularly when 
the injection was given at the mjctedematous level Thus, m case 1, 
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Fig 5 Case 1 The Effect on Body Teupeeatdee op the Inthavenohs 
iNjEcnON of 10 UGiL OF Thyrovin at Difperent Mexabouc Levels (Minus 
40 Per Cent and Minds 4 Pee Cent) 


as evidenced by increased pulse rate and temperature, the reaction 
had begun 3 hours after injection In case 2, where the patientwas 
not followed closely nnmediately afterward, all that was noted was 






Fig 6 Case 2 Also Showing the Eeeect on Body Temperathee of the 
Intravenous Injection of 10 mgm, of Thyroxin at Different Meta- 
Bouc Levees (Minus 45 Per Cent, Minus 13 Per Cent and Minus 6 Per 
Cent) 
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TABLE 2 

Compnrhon of dtntcal condition of patienh btfore the injeclum of 10 mgpt of thyroxin and 
after its efccl on basal ptdabotum had wm off (myxedanaJcnis level) 



Cue! 

Cu«2 


Bcfora ioiectkrD of 
lOmm. Uiyroxhu 
—♦0 pet 
cent 

86 dftyt after tnjec 
doo of 10 tnxm. 
tl)jnnia> B.tlJL 
—40 per cent 

BeloTV bicctlon of 
10 mjtm. thyroxin. 
BMJL -45 per 
cent 

93 day* after Injec 
tlon of 10 mem 
thyroxIiL B M.R. 
—45 pet cent 

Weight 

78 kgm 

72 kgm 

63 kgm. 

58 kgm 

Pulse 

63 

62 

62 

54 

Edema 

Face, legs 

Eyelids Bwol 

Face, legs, 

Eyelids slight 

j 

hands and 

len No no- 

hands and 

ly swollen. 


abdomen 

tlccable 

abdomen 

No edema of 


swollen 

edema else- 
where Skm 
on hands 
loose 

swoDcn 

legs or hands. 
Abdomen 
slightly 
swollen 

Skin 

Very dry and 
scaly 

Marked pig 
mentation of 
face and 

arms 

Moderately ^ 
dry Pig 
mentation 
markedly 
faded 

Very dry and 
scaly 

Slightly dry 

Hair 

Very dry and 
brittle 

Not dry 

Very dry and 
coarse 

Not dry 

Tongue 

Large and ' 

thick 

Slightly thick 

Large and 
thick 

Nonnal 

Voice 

Hoarse 

Slightly 

hoarse 

Hoarse | 

Slightly 

hoarse 

Gait 

Slowness 

Markedly 
unsteady j 

Shgbtly 

unsteady 

Markedly 

ataxic 

Spells of ataxia 

Of moNTinent 

++++ 

+ 

+++ 

+ 

Of speech 

+++ 

+ 

1 ++ 

+ 

Of thought 

++ 

d- 

+++ 

+ 

Hearing 

Poor 

Good 

— 


Menooty 

Very poor 

Fair 

Very poor 

Fair 

Sensitivity to cold 
Numbness of 

+++ 

0 

++++ 

++ 

cxtreiiiihes 

++ 

+ 

— 



Drowsiness 

++++ 

++ 

++++ 


Weakness 

+++ 

+ 

+++ 

-h 

Headaches 

0 

0 

+ 


Appetite 

Poor 

Fair 

Poor 

Ratherpoor 

Nausea 

0 

0 

+ 

+ 

Constipation 

+++ 

+ 

+++ 

++ 
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polyuna 9 hours after injection The day after injection there was a 
noticeable duninution in the edema of the eyehds m both instances 
the patients looked bnghter and moved a httle more quickly The 
second patient, after the second mjection (basal metabohc rate before 
mjection minus 13 per cent) developed a headache m «about 4 to 
6 hours, and after the third injection (basal metabohc rate before 
mjection minus 6 per cent), a headache which had been present for 
several days, became worse 4 hours later and she became nauseated 

The height of the mtoxication was reached on the second day foUow- 
mg all mjections except the second one m the first patient In this 
mstance, it was reached on the fourth day after mjection In both 
patients at the myxedematous level, all the symptoms of mtoxica- 
tion had begun to abate after the fifth day Following the second 
mjection m the first patient, the peak of the reaction was over m six 
days and foUowmg the last two mjections mto the second patient, 
the symptoms attnbutable to mtoxication had practically disappeared 
by the filth day 

When the patients were myxedematous, the clmical benefit of the 
mjection of 10 mgm of thyroxm was not at its height until three 
weeks after mjection, and at this time the weight was stdl faUmg 
although the basal metabohsm had dropped to mmus 20 per cent m 
case 1 and mmus 28 per cent m case 2 In the first patient, whose 
hospital routme was not disturbed, this benefit contmued unabated 
for three more weeks, by which tame she had lost a little more weight 
and her basal metabohsm had fallen to mmus 28 per cent In both 
patients the reversion to myxedema was very gradual and by no 
means complete When their basal metabohc rates had returned to 
their pre-mjection levels of minus 40 and mmus 45 per cent respec- 
tively, both patients showed very few manifestations of thyroid de- 
fiaency and moreover weighed 6 and 5 kilograms less respectively 
than before mjection, although at these same levels of metabohsm they 
had previously been classical cases of mj^edema Table 2 illustrates 
this pomt. 

DISCUSSION 

A Differences vn excess lieat production 

That the decrease m the magmtude of the reaction to the mtra- 
venous injection of 10 mgm of thyroxm at a normal level of basal 
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metabolism as compared with a myxedematous level of metabolism, 
IS not due to the estabhshment of a tolerance to thyroid substance, 
IS upheld by the followmg considerations 

1 We have never encountered a case of myxedema, m which a dose 
of desiccated thyroid which was definitely established by adminis- 
tration for a long enough penod of time to be suffiaent for mamte- 
nance, had to be mcreased later because of the development of a 
tolerance to the substance. 

2 The response of normal and obese mdividuals to desiccated 
thyroid by mouth (1) (3) (4) (5) or to thyroxm given intravenously 
(2) (6) IS less than that of patients with myxedema 

A more reasonable explanafaon of the decrease observed, is that at 
the myxedematous level, the thyroxm is supplymg a marked, perhaps 
complete defiaency of thyroid gland secretion, whereas at a normal 
level, thyroxm is bemg given in excess The body would be expected 
to deal with these different situations m a different manner, m the 
latter mstance brmgmg into play some mechanism which would tend 
to keep conditions constant 

By mjectmg the thyroxm mtravenously, it can be made certain 
that It IS completely absorbed by the blood stream but the amount, 
time and method of its absorption by other tissues and its excretion 
from the body, under different circumstances, are practically unknown 
Kendall (7) states that withm fif^ hours after 200 miUigrams were 
mjected into the saphenous vem of a dog, 43 per cent of the total 
lodme contamed m the thyroxm was excreted m the bile and 13 per 
cent m the urme. In this case the thyroxm was given in great nxcess 
so that these figures probably do not represent the per cent of a 10 
mgm dose that is excreted unused when given to a patient with 
myxedema. 

It IS reasonable to assume that under normal conditions, when 
the rate of cell metabohsm is more rapid than m the myxedematous 
condition, the excretion of thyroxm may also be more rapid This 
may be at least one element m the mechanism which, at a normal level 
of metabohsm, guards against the effects of excess dosage of thyroxm 

InadentaUy, a curve denotmg the effect on basal metabolism of an 
mtravenous dose of thyroxm represents only the effect of whatever 
fraction of that dose is not ehmmated from the body unused at one 
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time or another durmg the course of the observations One would ex- 
pect this fraction to vary under different circuiastances 

Plummer and Boothby (8) state that m m)rxedema, 1 milli gr am of 
thyroxin mjected mtravenously raised the basal metabolism an aver- 
age of 2 8 per cent Their table shows that they divided them myxede- 
matous patients mto groups accordmg to the metabohsm, which 
ranged from below mmus 35 per cent to above minus 14 per cent 
The lower the metabohsm, the larger the dose of thyroxm admmistered 
Them results ranged irregularly from 1 6 to 3 5 per cent mcrease in 
metabohsm per miUigram of thyroxin mjected In the groups with 
metabohc rates “above minus 14 per cent,” “minus 15 to minus 19 
per cent” and “mmus 35 per cent and below” (the only ones m which 
significantly different doses were given at the same metabohc level), 
the results suggest that the greater the dose the less the mcrease m 
metabohsm per milli gram of th 5 moxm mjected That the size of the 
dose may affect such results is mdicated by Kendall’s (9) observation 
that the mjection of one enormous dose (200 mgm ) into a dog had no 
more clmical effect than a smgle small dose While 2 8 per cent nse 
per mdbgram is the proper average for Plummer and Boothby’s ob- 
servations throughout them metabohc range, and may be for such ob- 
servations m general, it should be understood that the vanations 
allowed for by this figure are withm rather wide hmits Our findings 
mdicate that for a 10 mgm dose, the vanation may range from a nse of 
4 3 per cent per mfihgram to a nse of only 2 per cent per milligram, 
dependmg upon the mitial level of the basal metabohsm within the 
range of minus 45 to mmus 4 per cent 
Boothby, Sandiford, Sandiford and Baldes (10) have attempted to 
reduce the relation between the size of the dose and the excess heat 
production to mathematical terms On the basis of them mteresting 
data most of which are charted m another article (2), and which were 
made on one m 3 rxedematous patient, they tentatively estimate that 
the continued admmistration of an average mtravenous dose of 0 25 
mgm of thyroxm daily raised the heat production approximately 525 
calones above the myxedematous basal level of 1100 calones, an 
average dose of 1 mgm daily raised it approximately 825 calones and 
2 mgm daily, approximately 1020 calones As this relation between 
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dose and extra heat is a straight hne on loganthnuc paper, they suggest 
the following equation to represent it 

I-og 21 — n log r “ JC 

where H represents the excess calones and T the daily dose of thyroxin 
necessary to maintain H 

As the authors evidently realize however, judging by the fact that 
they offer it as only a preliminary suggestion, there are possibihties for 
error m this generalization The most senous criticism of their for- 
mula IS that the actual doses were not 0 25, I and 2 mgm daily, but 
averages of different doses given at longer intervals, viz , 1 to 14 
days The results of such a program of medication may differ from the 
results that would be obtained from actually giving 0 25, 1 and 2 mgm 
daily, on account of possible differences in the rate of excretion of 
thyroxm Moreover, the per cent of thyroxin excreted unused when 
the dose is 2 mgm daily may be different from that excreted unused 
when the dose is smaller Another consideration is that there may be 
a different relationship between excess heat and dose at levels of basal 
metabolism below standard normal, from that which obtains above 
normal 

B Differences in length of descending portions of the curves 

Plummer (6) makes the general statement that, m a thyroidless 
mdividual, the effect on basal metabolism of an intravenous injection 
of thyroxm — suffiaent to bnng the metabolism to normal — wears off 
in 5 to 7 weeks In another article (11), he states that the effect of 14 
mgm. may not have completely worn off in 8 weeks Boothby, 
Sandiford, Sandiford and Slosse (2) report two curves on a myxede- 
matous patient The first represents the rate of decrease of the meta- 
bohsm which had been raised by 3 9 grams of desiccated thyroid by 
mouth, and occupies a minimum of 45 days The other represents 
the rate of disappearance of the effect on metabolism of an average 
mtravenous dose of 1 mgm of thyroxin daily for about a month, 
and occupies a theoretical minimum of about 55 days The curve is 
not plotted on actual data in the last half of its course. In another 
article (12) Boothby and Sandiford state that the time reqmred 
for the heat production to decrease from the mnTiTniim to one- 
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tenth of this amount, is found by extrapolation to be usually 
between 30 and 70 days for thyroxin W A Plummer (13) 
states that the effect of an intravenous mjection of thyroxm on 
metabohsm in myxedema sometimes lasts for 10 weeks Baumann 
and Hunt (14) on the basis of their expenments on “the specific 
d)maimc action of glucose” following complete th)TX>idectomy m rab- 
bits, concluded that it took about 65 days for the thyroid secretion m 
the tissues to become exhausted Magnus Levy (15) found m his 
myxedematous patient that it took about 80 days for the effect of 
thyroid feeding on basal metabohsm to wear off 

As may be seen from figures 3 and 4, the level of the metabohsm at 
the tune of mjection of thyroxm has a very important bearmg on the 
time occupied by the decrease m basal metabohsm, and consequently 
upon the total amount of excess heat produced This may explam 
some of the differences noted by vanous observers m the duration 
of the descendmg portion of the curve 

C Possible significance of the lag of clinical effects behind basal metabo- 
hsm after injection of thyroxin when the patients 
were myxedeniatons 

The marked lag m disappearance and reappearance of chnical 
signs and symptoms of myxedema behmd the nse and fall m 
basal metabohsm illustrates the stnkmg slowness with which 
the ch emi cal changes m tissues that are charactenstic of mji^edema 
occur In terms of basal metabohc rate, the effect of the mjection of 
10 mgm of thyroxm m myxedema is completed m 90 days, but m 
terms of general weU-bemg, the effect lasts for some time longer — 
probably several months If the latter effect be due to some residual 
thyroxm m the tissues, then the rate of destruction of thyroxm 
has never been even approximately determmed If it is merely 
an expression of some mechamsm which thyroxm has set into play 
and which is actmg long after the thyroxm itself has become ex- 
hausted, then there is no guarantee that at least part or possibly all 
of the descendmg portion of the basal metabolism curve is not of the 
same nature Possibilities such as these make one hesitate to apply 
formulae to the descendmg parts of the curves of metabohsm and 
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to use the residts to calculate the amount of thyioxm m the body ■* 
Even if there were sufficient data, well controlled as to dosage 
and level of metabolism at the tune of Injection, one would be at 
a loss to know at what pomt aU the thyroxin actually disappeared from 
the reaction 

Boothby, Sandiford, Sandiford and Baldes (10) state that the data 
of the descendmg portions of their three curves on one myxedematous 
patient he within the experimental error of an exponential curve of 
the following formula 

H + B' - 1660 X 10-* + 1150 

where B = excess heat calories due to thjuoxm and 1660 is an arbi- 
trary value for zero day, 10"'* is the exponenpal constant, t the 
number of days foUowmg the zero day and E' is 1150, the heat pro- 
duction of the myxedematous subject before the administration of 
thyroxin The excess heat production when plotted on semi-loga- 
nthmic paper against time tell on a straight hne and could be expressed 
by the above formula. Therefore, they tentatively assumed that this 
excess heat was dependent on some function of the concentration of 
thyronn m the body They further state that “if we assume that the 
excess heat is directly proportional to the concentration of thyroxm 
m the body then the disappearance of thyroxm from the body obeys 
the same law as the excess heat production and the rWe of the thyroxm 
13 identical with that of a speolic catalyst and follows the law of 
monomolecular reactions ” 

Rabinowitch (16) pomts out that while the descending portion of 
the curve possibly may be explained on such a basis, the ascendmg 
jxirtion cannot be. “Smce we are dealing with a reacPon which m- 
creases in magnitude for a number of days after the administration 
of a single dose of the drug, it is obvious that the concentration of that 

* Inasmuch as the rate at which thyroxin is used and the magmtude of its effect 
appear to depend upon the Icvei of the basal metabolism before injectfon and the 
sue of the dose given, inasmuch as the basal metabolism does not necessarily 
record the concentration of th>’roxin in the tissues, and Inasmuch as the rate and 
time at which it disappears from the reaction when its administration Is stopped 
cannot be determined at present, we find It difficult to understand how Plummer 
(11) calculated that there are about 14 mgm. of thyroxin m the body of a normal 
man His method of making this calculation is not recorded. 
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drug m the tissues is not the only governing factor ” He suggests 
that we are dealing with a fonn of growth m which the rate of incre- 
ment IS at any particular mstant proportional to the magmtude of 
that which is mcreasmg Thus the successive rates of heat production 
at the end of a senes of intervals would form the terms of a geometncal 
progression, accordmg to the formula 


Qi = Qo or k 


2 302 

I 


logio 


Qt> -h Xi 
Qo 


where Qo = the ongmal quantity, k = constant, Qt = the amount 
to which Qo has grown m time t and Xt = the mcrement durmg time t 
“If the law is apphcable, it should be possible to predict the heat pro- 
duction at the end of any penod of observation, once the constant of 
mcrement is known ” When a constant value for k was used through- 
out the penod of mcrement, the calculated results agreed reasonably 
well with the observed results If values for k were calculated at 
different intervals, however, a marked mconstancy was noted He 
found a similar vanation m the value for k m the descendmg portion 
of one of the curves of Boothby and Rowntree (17) He therefore 
concluded that “we are either not deahng with a reaction that follows 
the unimolecular law, or, as m the case of ferments, the fall m k may 
be attnbuted to destruction of the catalyst If, however, the latter 
explanation is accepted, it is difficult to reconcile the mcrease m the 
rate of heat production which follows with the view that the heat 
production is a direct function of the concentration of thyroxm m the 
tissues ” He suggests the possibihty that, durmg the reaction, 
certain compounds are formed which are catalytic and may account 
for the prolonged effect foUowmg the admimstration of th 3 rroxm 

The slope of the descendmg portions of our curves would appear to 
agree with the contention of Rabmowitch that the reaction is not a 
monomolecular one and we are of the opmion that it is at present 
hopeless to give a satisfactory theoretical and mathematical treatment 
of so complex a biological phenomenon 

D Bearing of our results on the treatment of myocedema 

We have frequently noticed that after the basal metabohsm has been 
raised to a normal level m patients with myxedema, it is often possible. 
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by increasing sbghtly the oral dose of thyroid (i to IJ grams of Ar- 
mour’s thyroid daily), to produce impleasant chnical symptoms with- 
out much increase m basal metabolism For mstance, m our first 
patient, 3 grains of desiccated thyroid were contmued daily for nearly 
five months after the second mjecUon of thyroxm As shown m figure 
1, after the efiects of the mjection had worn off, although the basal me- 
tabolism remained approximately normal (plus2to plus4per cent, with 
the exception of one detemunation of plus 13 per cent shortly after 
she went home), her weight dropped steadily She developed some 
palpitation and precordial pain, was nervous, fatigued easily, per- 
spired more than usual and looked worn out On reduang the dose 
of desiccated thyroid to IJ grains daily, her metabolism was still 
withm normal limits (mmus 9 to rmnus 2 per cent), and she gained 
weight fer symptoms of thyroid intoxication disappeared and there 
was no evidence of myxedema. 

Our results with thyroxm are in harmony with this observation 
The frequent lack of effect on metabohsm of a slight excess of desic- 
cated thyroid when given at a normal level of metabohsm is similar 
to the very moderate effect produced at this level by a large excess 
(10 mgm ) of thyroxm 

Inasmuch as a small excess of thyroid is not necessarily reflected 
in the level of the basal metabohsm, the latter is not the only factor 
to be considered in gauging the proper mamtenance dose for a patient 
with mvxedemo. The determination of the dose of desiccated thyroid 
must be in part based upon a careful chmcal study of the patient 

SHMMARV 

In two patients with myxedema, the intraxenous mjection of 10 
mgm of thyroxm produced more marked efiects at a low level of 
metabohsm (mmus 40 and minus 45 per cent) than at a normal level 
of metabohsm (rmnus 4 and minus 6 per cent respeebvely) This is 
shown by the followmg facts 

1 The total excess heat produced was about seven times as great 
VIZ , 22,455 calones vs 3,320 calories m the first case, and 21,075 vs. 
2,815 calones in the second case 

2 The per cent nse in basal metabolism per miUigram of thyroxin 
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injected was about twice as much, viz , 4 per cent per milhgram vs 
2 per cent per milbgram 

3 The length of time occupied by the descendmg portion of the 
metabohsm curve was about four tunes greater, viz , 80 to 85 days vs 
18 to 19 days 

4 The unpleasant clinical effects, includmg elevation of tempera- 
ture, were more marked 

5 The beneficial chnical effects were marked at the mjrxedematous 
level At the normal level, the only effect was a toxic one 

The appearance and disappearance of the chmcal improvement 
lagged considerably behmd the nse and fall m basal metabohsm when 
the mjection was given at the myxedematous level 

The time occupied by the ascendmg portions of the curves varied 
from 4 to 6 days, and appeared to be approximately the same at the 
normal level as at the myxedematous level 

The slope of the descendmg portions of our basal metabohsm 
curves foUowmg the mjections at the lowest levels of metabolism, does 
not support the hypothesis of Boothby et al that the reaction is a 
monomolecular onfe 


CONCLUSIONS 

The level of the basal metabohc rate at the time of the intravenous 
mjection of a given dose of th 3 T 0 xm mto a myxedematous patient, 
has a marked influence upon the amoimt of excess heat produced and 
upon the mtensity of both the unpleasant and the benefiaal chmcal 
effects 

The multiphaty of unmeasured factors mvolved m the reaction 
produced by thyroxm makes it impossible at present to reduce the 
effect to accurate mathematical terms The most important of these 
factors appear to be the amount of mjected thyroxm that is effective, 
the nature of the chemical changes produced by thyroxm, and the 
tune and rate at which thyroxin disappears from the reaction — a factor 
which may not be accurately gauged by changes m the basal 
metabohsm 

The chmcal condition of the patient is just as important as the 
basal metabohc rate m detemnmng the proper mamtenance dose of 
thyroid for a patient with myxedema 
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THE ACTION OT SODIUM CHLORIDE, AMMONIUM CHLO- 
RIDE, AND SODIUM BICARBONATE ON THE TOTAL 
ACID BASE BALANCE OF A CASE OF CHRONIC NEPHRITIS 
WITH EDEMA 

By fuller ALBRIGITP akd WALTER BAUER* 

(From the Aleiaioltsm TFonf of the hlatiochuseiU GfJierul Hespital, Boston) 

(Received for publication January 14 1929) 

INTRODUCTION 

The steps m the clarification of the pathological physiology asso 
ciated with the edema m the nephrotic type of chrome nephritis 
form an interestmg and as yet unfinished chapter m modern medicme 
In 1902 Widal (1) pointed out that the failure to excrete water is 
assoaated with a difficulty m excreting sodium chlonde and advo 
cated a low salt diet In 1909 Blum (2) amplified this by showmg 
that it IS only the sodium ion which the kidney has difficulty m ex- 
creting In 1911 Meyer and Cohn (3) observed the diuretic action 
of calaum chlonde in infants, and m 1918 Schultz (4) used this drug 
in treating war nephnbs Blum, Aubel, and Hausknecht (S) m 1922 
thought that the hberation of edema following the admimstration of 
calaum chlonde is the result of an antagonism between calaum and 
sodium which faahtates the excretion of sodium A year later Hal- 
dane, Hill, and Luck (6) reported the production of an aadosis by 
the mgestion of calaum chlonde and attnbuted its diuretic action 
to this In the same year Gamble, Ross, and Tisdall (7) showed that 
this aad effect is due to a greater absorption of the chlonne ion than 
of the calaum ion In the meantime, Haldane (8) m 1921 had demon- 
strated that the ingestion of ammomum chlonde produces an aadosis 
This he attnbuted to the transformation of the ammonia mto urea, 
which leaves the aad radicle chlonne to unite anth body base In 

•Research Fellow, Massachusetts General Hospital and Harvard Medical 
School. , 
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1923, Keith, Earner, and Whelan (9) drew attention to the diuretic 
action of ammonium chlonde m nephntis with edema Fmally m 
1925, Gamble, Blackfan, and Hamilton (10) showed that calcium 
chlonde and ammomum chloride bnng about a diuresis by pro- 
ducmg an aadosis They pomted out that m order to excrete the 
chlonne ion there must be a correspondmg mcrease m the titratable 
aadity of the unne and m the excretions of ammoma and total base 
The first two of these factors do not mcrease suffiaently to take care of 
the mcreased chlorme excretion, and therefore base is withdrawn from 
the body flmds This base they found to be sodium and potassium 
With the mcreased excretion of base, the water held by the base m the 
body IS liberated, and diuresis results This excellent paper practi- 
cally hmits the possibdities for clarification m this direction but 
leaves two thmgs to be explamed What is the cause of the ongmal 
difficulty m excretmg base? Granted that aad salts act by makmg 
necessary an mcreased excretion of base to prevent severe aadosis, 
what IS the exact physiological means by which they accomphsh this? 
In other words, we cannot be content with the explanation that the 
body has to excrete base when an acid salt is taken We should hke 
to know just how this is brought about 
An entirely different approach to this question starts with the work 
of Epstein (11) (12) who emphasized the low albumm of the serum, 
the low protem content of edema and asatic flmd, and the high fat 
content of the blood as mdicated by the high cholesterol He be- 
lieved that the hypoprotemerma is the basic disorder and directed his 
treatment toward the rehef of this Salvesen and Lmder (13) m 1923 
showed that with the lowered serum protem m nephntis there is a 
correspondmg lowered serum calaum, and that the calaum content of 
various body flmds bears a defimte relation to the protem content 
Recently Blackfan and Hamilton (14) have made what is probably 
a very significant contnbution when they demonstrated a low con- 
centration of total base m the serum of children suffermg with nephrosis 
In summary, we have a condition assoaated with massive al- 
bummuna, a resultmg low serum albumm, a low serum calaum de- 
pendent on the low serum protem, a low serum total base possibly also 
dependent on the low serum protem, a difficulty m excAtmg base m the 
unne, a resultmg accumulation of base m the tissues, a retention of 
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water to keep the relation of base to water in the body fluids con- 
stant, and hence edema 

The present mvestigation was undertaken m order to test the 
vahdity of the above concept, and to discover, if possible, additional 
relations 


EXPERIMENTAL DATA 

A patient with relatively mild, almost stationary, and essentially 
uncomphcated "nephrosis” was selected who was wilhng to coSperate 
m this rather tedious mvestigation The details of the chmcal his- 
tory are appended In bnef, she was an adult woman with massive 
albummuna, marked edema, low serum albumm, high blood cho- 
lesterol, normal renal function as shown by the excretion of phenol- 
sulphophthalem, normal blood non-protem mtrogen, normal urinary 
sediment, and normal blood pressure. 

She was transferred to the Metabohsm Ward where she was studied 
for twelve three-day metabohsm periods Dunng this entire tune 
(36 days) she received a carefully weighed diet’ containing exactly the 
same articles of food every day Likewise, the same amount of flmd 
was admimstered every day at the same hours She was allowed out 
of bed for exactly the same amount of tune every day The unne 
and feces were collected m three day periods for analysis Venous 
blood for analysis was withdrawn under oil at frequent mtervals 
All detemunations were made on serum 

The unne was analyzed for what we have termed "titratable aadity 
minus CO},” ammoma, total base, calaum, phosphorus, sulphates, 
chlonne, proteiu, mtrogen, and nonprotem mtrogen, the feces for 
calaum, total base, and phosphorus, the serum for total base, ciaum, 
protem, alburmn, globuhn, CO} combimng power, chlonne, and phos- 
phorus. The methods employed in the collection of the excreta, the 
preparation of the diet, and the analyses of the serum, unne, and 
feces have been given m a previous paper (IS) The titratable aadity 
minus CO} and the ammoma were analyzed daily The value of the 
former expression was obtamed by adding a known amount of aad 
to the unne, shaking until the CO} was entirely dnven off, and then 


’ The details of the diet are appended. 
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titratmg back to a pH of 7 35 The amount of alkab mmus the 
amoimt of aad added equals the “titratable acidity mmus CO 2 ” 
In an alkahne unne this may become a negative expression 
The investigation consisted of a sequence of three control penods 
(9 days), two in which salt was added to the diet, two m which this 
was replaced by ammomum chloride, one control penod, one m which 
sodium bicarbonate was admimstered, and finally three control penods 

RESULTS 

A Total base^ metabohsm (See table 1 and chart 1) 

In chart 1 there are given graphically the data for the total base 
exchange, the output of urme, and the body weight Smce body 
flmds contam approximately the base eqmvalent of 150 cc of N/10 
base per 100 cc (16)^ the retention of 150 cc of n/10 base should be 
assoaated with the retention of 100 cc of flmd and a gam m weight of 
100 grams This of course is true, provided the patient is m mtrogen 
balance (An msignificant error enters mto this reasorung due to 
the deposit of base as calaum in the bones) Therefore, in chart 1 
the scale for the weight is chosen such that 1000 grams on the weight 
scale is eqmvalent to 1000 cc of n/10 base on the base scale Like- 
wise, the unne is charted on a scale of the same size as the weight 
An exammation of chart 1 shows that, dunng control penods 1, 2, 
and 3 on a low base mtake, the patient was approximately m total 
base equihbnum and that the weight and unnary output were almost 
stationary Durmg penods 4 and 5, m spite of a marked mcrease in 
the total base mtake, due to the mgested sodium chlonde, there was 
no mcrease m the total base output except for a shght nse m the un- 
nary base m penod 5 The entire added base was retained m the body , 
the body weight rose and the amount of unne decreased Durmg 
penods 6 and 7, when the chlorme was added m the form of ammomum 
chlonde mstead of sodium chlonde, there was a marked mcrease m 
total base excretion with a negative total base balance and a corre- 
spondmg mcrease m output of urme and decrease m body weight In 
control penod 8 there was a return to eqmhbnum Dunng penod 9, 

* By total base is meant the sum of calaum, magnesium, sodium, and potas- 
sium expressed m cubic centimeters of n/10 
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when the base was administered m the form of sodium bicarbonate m 
place of sodium chloride, there was a marked rise m the total base 



Periods 


CuAEi 1 Graphic RspRESEtnATiON op Data frosi Table 1 


excretion, not, however, equal to the mcreased total base intake 
Correspondmg to the retamed base, there was a decrease m output of 


rtrtlcoDon cc 
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urine and an increase in weight In control penod 10, the mcreased 
base excretion continued During penod 11, equihbnum was again 
reached From the last two columns of table 1 it will be noted that 
the change m weight from penod to penod corresponded extremely 
well with the change m weight as calculated from the total base 
balance 


TABLE 1 


The data for the total base balance, output of ttnne and body weight for the 36 days of observation 
It will be noted that the actual change m weight from penod to penod corresponds 
extremely well with the change m weight as calculated from the total base balance 



Total base 




ia 

Ijs 

Period 

Intake 

u 

p 


Total out- 
put 

Balance 

1 

Weight 

Medjcabon 

39 

V 

3 

3 

e» 

0 

Gain in ^ 
calculated 
base balar 


cc of 
N/10 

cc of 
if/10 

cc. of 
N/10 

CC of 
If/fO 

cc of 
N/fO 

cc 

ism 

cc of N/10 

ifm 

him 

1 



842 

2,542 

4-545 

7,445 

71 8 


4-0 2 

4-0 3 

2 

3,087 

1,686 

1,327 

3,013 

4-74 

7,320 

72 0 


4-0 2 

0 0 

3 


1,795 

1,358 

3,153 

-66 

6,825 

72 0 


0 0 

0 0 

4 

4,797 

1,782 

852 

2,634 

4-2,163 

5,725 

73 0 

1,710 ofNaCl 

4-1 0 

4-1 4 

5 

5,652 

2,178 

483 

2,661 

4-2,991 


74 8 

2,565 of NaCl 

-}"1 8 

4-2 0 

6 

3,087 

2,569 

816 

3,385 

-298 

EKS 

74 0 

2,800 of NH 4 CI 

-0 8 

-0 2 

7 

htoh 


1,289 

5,179 

-2,092 


72 5 

2,800 of NH 4 CI 

-1 5 

-1 4 

8 

3,087 

1,966 

1,005 

2,971 

4-116 

6,665 

72 2 


-0 3 

4-0 1 

9 


3,083 

1,110 

4,193 

4-1,394 


73 0 

2,500 of NaHCO, 

4-0 8 

4-0 9 

10 


3,775 

784 

4,559 

-1,472 

HR R 

71 9 


-1 1 

-1 0 

11 



1,179 

3,854 

-767 

HRS 

71 3 


-0 6 

-0 5 

12 



942 




71 2 


-0 1 



From the data thus far, the followmg pomts seem significant 

1 Gams and losses of edema flmd could be approximately pre- 
dicted from the total base balances on the supposition that 100 cc 
of tissue fimds are equivalent to 150 cc of n/10 base 

2 Addition of the neutral salt sodium chlonde for a penod of six 
days resulted m an almost quantitative retention of the added base 

3 In spite of mabihty to excrete base, the absorption of sodium 
chlonde was quantitative 

4 Addition of the aad-producmg salt, ammonium chlonde, m- 
creased the total base excretion m the unne and this increase was 
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more marked durmg the second three days than durmg the first 
three days Thjs effect stopped immediately on cessation of the 
drug 

5 Addition to the diet of the alkahne salt, sodium bicarbonate, 
mcreased the total base excretion but not suffiaently to offset the 
increased base mtake This mcreased excretion contmued and 
even mcreased durmg the first control penod foUowmg the sodium 
bicarbonate penod 


TABLE 1 


Data tkowing the calctum and pkosphorvs balances 



Cilciom 

Fkosphonit 

1 

Uedicatlon 


Intake 


Fec« 

BeUoce 



IBi 




<x.ef 

;?//o 

u *1 
UliQ 

mxo 

tC 0f 
HfiO 

M 

tc »/ 
H/iO 

i//i0 

tf 

jf/To 

cu tfif/lO 

1 

1S4 

17 

208 

-71 

1 

1,275 

496 

+114 



154 

18 

250 

-114 

1 


774 

+89 



154 

3fi 

228 

-110 



703 

+192 



154 

19 

153 

-18 

■fi 

2,270 

502 

-887 

1,710 otNaa 

s 

154 

28 

129 

-3 

St 

1,179 

624 

+82 

2,565 olN«a 

6 

154 

77 

146 

-69 

St 

I 445 

504 

-M 

2,800 of NBUa 

7 

154 

110 

195 

-151 

St 

nMij 

611 

-3846 

2,800 of NEUa 

8 

154 

81 

147 

-74 

St 

712 

425 

+748 


9 

154 

27 

171 

-44 

ss 

1 Mi 

922 

505 

+458 

2,500 of NoHCX), 

10 

154 

45 

113 

-4 

St 

1 IM 


433 

+552 


11 

154 

32 

202 

-8d 


1,119 

596 

+170 


12 

IM 

10 

157 

-13 

1 885 


578 




B Calctum and phosplwrtts mdaioltsm 

It will next be of mterest to note the calaum metabohsm and to see 
whether this component of the total base metabohsm behaves m any 
way similar to the total base as a whole The basic diet was low m 
calaum and similar to that used m a study of the calaum excretion of 
normal mdividuals (17) In that study of tlurteen normal men with 
an average calaum mtake of 165 cc, of n/10 calaum per three-day 
penod, there was an average output m the unne of 85 cc. of n/10 
calaum, m the feces of 300 cc of n/ 10 calaum, making an average 
negative calaum balance per three day penod of 220 cc of n/10 
calaum 
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In control penods 1, 2, and 3 (table 2) zt will be noted that the cal- 
anm excretion in the urine was strikingly smaU and that the negative 
calaum balance on a low calaum diet was hkewise small * The low 
calaum excretion m nephrosis has been noted by Scriver (18) It 
will be further noted that ammomum chlonde mcreased the urmary 
excretion of calaum (penods 6 and 7) whereas Scnver found that 
parathormone was meffective m accomphshing this in nephrosis (18) 

The ratio of the unnary to the fecal phosphorus excretion suggests 
that there was no difficulty in excretmg phosphorus through the 
kidneys The increased phosphorus excretion in the unne, as a 
result of ammomum chlonde, was far out of proportion to the m- 
creased calcium excretion, if one were assuming that these were de- 
nved from tertiary calaum phosphate from the bones Thefe was 
no corresponding breakdown of mtrogen to account for the phosphorus 
defiat (v infra) One must conclude that this phosphorus came from 
phosphorus held m tissue flmds The mcreased phosphorus exaetion 
resultmg from the mgestion of hydrochloric aad has been discussed 
by Fitz, Alsberg, and Henderson (20) 

The foUowmg pomts from the calaum and phosphorus data seem 
significant 

6 The unnary calaum exaetion was very much lower than that of 
normal mdividuals on a similar regime and there was no corresponding 
maeased fecal calaum dxaetion 

7 Ammomum chlonde maeased the urmary calaum and phos- 
phorus exactions without affectmg that m the feces The maease 
m the urmary phosphorus was out of proportion to the maease m the 
unnary calaum 

C Nitrogen metabohsm 

Before one can calculate gams m weight as gams m edema flmd 
(v supra), it is necessary to know that the subject was m mtrogen 
equihbnum Therefore, table 3 and chart 2 have been constructed 
It wiU be noted that on a mtrogen mtake of 25 9 grams per penod 
(54 grams of protem a day) the patient was m mtrogen balance 

® The low urmary excretion m chronic nephritis with edema has been con- 
firmed m two other unpublished cases studied at the Johns Hopkins Hospital m 
conjunction with Dr Read Ellsworth 
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This was true m qiite of rather large losses of protein m the urine 
The protein losses in the unne in this case were smaller than one often 
finds in similar cases The mtrogen from the ammomum chlonde 
m penods 6 and 7 appeared almost (juantitatrvely as ammonia m the 
unne From this it would appear that the aadosis produced by the 
conversion of the ammoma mto urea, when ammomum chlonde is 
absorbed, may be later compensated for by the reconversion of urea 
mto ammoma when the chlonne is excreted 

TABIE J 


Data thnmni ntiroiai iruiabalism 


Period 

laUke 

Noa* 
protein 
nttroftn 
la urioa 

Protein 
nltfoten 
In orme 

NHi 
nllroffeo 
to arise 

Fccttf 

Boliitcs 

Medkatloa 


grtmt 

from 

tf4mi 

trams 


freiu 

ct.t/N/10 

1 

25 9 

18 65 

4 86 

0 39 

2 59 

-0 20 


2 

25 9 

StiW 

6 65 

0 82 

2 59 

-3 95 


3 

25 9 

18 90 

4 80 

0 76 

2 59 

-0 39 


i 

25 9 

17 83 

4 50 

0 93 

2 59 

+0 98 

1,710 of NaCl 

S 

25 9 

16 64 

3 20 

0 95 

2 59 

+3 47 

2,565 otNoCl 

6 

29 8 

21 47 

4 59 

2 09 

2 98 

+0 74 

2,800 of NH 4 CT 

7 

29 8 

21 82 

4 22 

5 30 

2 98 

+0 78 

2,800 of NH 4 a 

8 

25 9 

17 54 

5 35 

3 91 

2 59 

+0 42 


9 

25 9 

16 28 

3 02 

1 18 

2 59 

+4 01 

2,500 of NiHCOj 

10 

25 9 

20 80 


0 88 

2 59 

-2 69 


11 

25 9 

20 83 


1 25 

2 59 

-2 43 


12 

25 9 


m 

1 58 

2 59 

-1 29 



• Tliis 15 includvc of anunoma nitrogen which is represented In a separate column 
trecal nitrogen taken as 10 per cent of nitrogen intake 


From this study of the mtrogen metabohsm, the followmg pomts 
seem important 

8 In spite of protem loss in the unne, the patient remamed in 
mtrogen equihbnum on 54 grams of protem a day 

9 When ammomum chlonde was ingested, the ammoipa excre- 
Pon m the unne rose proporbonately to the mcreased mtake 

D Total aciJ-base balance of unne 

Table 4 and chart 3 have been constructed m order to study the aad- 
base balance of the unne dunng the varjung condibons of this m\es- 
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tigation In this we have followed the line of approach used by 
Gamble (19) with a shght modification This author, by detemumng 



1 2 J 4 5 6 7 e 3 10 11 12 

Periods 


Chart 2 Graphic Representation of Data Shown in Table 3 

the titratable aadity of the urme ( = base necessary to bnng pH of 
urme to_7 35), was able to construct tables and charts m which the 
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cations of the urine m one column were balanced by the omons m 
another Thus, the sum of total base, ammoma, and titratable 
aadity, all caressed m cubic centimeters of n/10 equals the sum of the 
chlorides, sulphates, phosphates, organic aad and carbomc aad also 
expressed m cubic centimeters of n/10 except that a factor has to be 

TABLE 1 


Data for oorf-toie boloKU oj the eirtnt diirinj the coniitiitmj of this investt[ation 



g 

1 

CaUoQf b orine 

Bue bound by nniooi of urine 










n 

1 

•S 



1 





J 




w 
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•a 

Xledfcntioo 


1 


1 

8 

*3 



i 

1 

■’’'1 

I'B 


3 

1 

s 

p 


H 

1 

0 

• 

E 


£ 

P 

o 


1 


« c/ 

fr/jo 

« #/ 
N/JO 

•/* 

/f/IO 

« </ 
y/io 

« •/ 
iU/JO 


« </ 
/r/jo 

ft •/ 

N/Jt> 

er #/ 
K/JO 

ee . »/ 
^//0 

a. e/ F/JO 

ef of 
V//0 

1 

41 

279 

1 700 

2 020 

104 

404 

773 

53 

1 334 

686 


570 

2 

-21 

589 

1 686 

2 254 

106 

470 

620 

72 

1 268 

986 


570 

3 

-47 

543 

1,795 

2 291 

188 

463 

595 

52 

1 298 

993 


570 

4 

163 

667 

1 782 

2 612 

313 

410 

1,370 

49 

2,142 

470 

1 710 ol 

2 370 












NaQ 


5 

400 

683 

2 178 

3 261 

1,008 

358 

709 

35 

2,110 

1,151 

2 565 of 

3,260 












NaCl 


6 

652 

1,492 

2,569 

4 713 

3,280 

451 

864 

50 

4 645 

68 

2 800 Of 

3 370 












NH.Cl 


7 

634 

3 785 

3,890 

8,359 

4,813 

371 

3,070 

46 

8 300 

59 

2,800 Of 

3 370 












NH 4 C 1 


8 

468 

1,787 

1,966 

5 211 

2 058 

358 

428 

58 

2,902 

2,309 


570 

9 

-1 008 

843 

3,083 

2,918 

S4d 

318 

554 

33 

1 451 

1,467 

2 500 of 

570 












NaHCO, 


10 

-1 017 

630 

3,775 

3 388 

716 

477 

540 

56 

1 789 

1,599 


570 

11 

-57 

897 

2 675 

3,515 

848 

444 

720 

S3 

2,065 

1,450 


570 

12 

202 

1 134 




470 






570 


mtroduced for the phosphates, which at the pH of 7 35 bind only 1 8 
eqm\ alents of base rather than 3 

We have modified this scheme m that both our cation and our an- 
ion columns are shorter by the carbomc aad value, i e , on the cation 
side our third value is the “Utratable aadity mmus COi” mstead 
of the titratable aadit) , and on the amon side we have omitted the 
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carbonic nad We have not estimated the organic aads but have 
assumed this to be represented by the difference between the cation 
column and the sum of the other amons Such values for the orgamc 
aads contam the errors of all the determinations In addition, be> 
cause of the large amount of protem m the unne, we have attempted 
to ascertain the base-bindmg value of this at pH 7 35 by using the 
formula of Van Slyke, Wu and McLean (21) for base bound by serum 
protein, 

BP - 0 6S P (pH - 4.80) 

m which BP and P, represent respectively cubic centimeters of n/ 10 
base per 100 cc of serum combmed with protem, and per cent of protem 
m the serum We appreaate that any value for base bound by urme 
protem thus obtained is extremely inaccurate, espeaally as the pro- 
tem IS mostly albumin rather than a mixtiue of albumm and globuhn 
It IS of mterest to compare the chlorme excretion m the urme with 
the chlorme mtake (see last column m table 4) Dunng the control 
periods 1', 2 and 3 the urmary exaetion of chlorme was very low, about 
J of the mtake Dunng the sodium chlonde penods the urmary 
excretion went up, but very much less than the intake This does 
not show an mability to excrete chlonne but merely represents the 
retention of chlonne necessary for offsettmg the retained base In the 
ammomum chlonde periods, the urmary excretion of chlorme exceeded 
the mtake, which was to be expected The excess represents the 
chlorme held by the base m the edema fimd The mcreased chlorme 
excretion contmued mto control penod 8 Dunng the sodium bicar- 
bonate penod the urmary chlonne was agam reduced, probably 
because chlorme was again withheld to offset the withheld base. 
Dunng control penods 10 and 11 the excrebon agam rose above the 
intake concomitant with the loss of edema fluid 

In chart 3, dunng control penods 1, 2, and 3 it will be noted that 
the “titratable aadity mmus CO” was small or negative Dunng 
the sodium chlonde penod the amon columns were mcreased due to a 
nse m the chlonne and phosphorus excretion This was compen- 
sated for m the cation column by a nse in the “titratable aadity 
minus Cqj” and a nse in the ammoma Dunng the ammonium 
chlonde penods the atmon columns were verj much mcreased due to 
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the marked mcrease m the chlorme and phosphorus excretions 
This was compensated for on the cation side by a marked mcrease 
m all components In control period 8 the findings stiU showed the 
effect of period 7, but it will be noted that the total base excretion 
was the first of the cation components to return to its previous level 
This rather suggests that total base excretion m response to an aad 
IS a last hne of defense and only takes place after the ammoma mech- 
amsm and the titratable aadity have been taxed to then limi ts 
Dunng the sodium bicarbonate penod, the “titratable aadity minus 
CO 2 ” became a negative quantity due to the large amount of CO 2 
In this penod and the foUowmg penod it would appear that amons 
were in demand to neutralize cations which were bemg excreted in 
excess, whereas m the ammomum chlonde penods, the exact opposite 
was the case In other words, the mcreased excretion of base as a 
result of ammomum chlonde ingestion may be thought of as an effort 
on the body’s part to ward off fatal aadosis, whereas the mcreased 
excretion of base as a result of sodium bicarbonate is an mdica- 
tion that the kidneys m this case can excrete base under certain 
conditions 

The figures for the orgamc aad excretions are of mterest, although 
it must be repeated that they contam aU the errors of this mvestiga- 
tion They showed little of mterest durmg the first five penods 
Dunng the ammomum chloride penod there was a marked decrease 
m orgamc salt excretion, possibly because base was at a premium 
and it was more important to excrete the mmeral aad chlorme 
The mcreased orgamc aad excretion m the foUowmg control penod 
may represent this stored orgamc aad Dunng the sodium bicar- 
bonate penod and the penod following, the orgamc aad exactions 
were high, possibly because amons were m demand for exaetion 
with the base 

From table 4 and chart 3 the foUowmg observations seem significant 

10 Provided that it was not bemg withheld to offset the retained 
fixed base, chlorme was readdy exacted 

11 When additional sodium chlonde was mgested, the sodium was 
entirely retamed, part of the chlorme was withheld to offset the 
sodium, the rest of the chlorme was excreted m the unne with a re- 
sultmg nse m the titratable aadity and the ammomum exaetion 
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12 Addition of ammomum cHlonde caused a marked rise m the 
chlonne and phosphorus excrebon and this was offset by a nse m all 
the cabon components of the unne 

13 The mcreased excrebon of fixed base after ingesbon of aad 
tended to occur only after other mechanisms for the neutrahzabon of 
nods had been thoroughly taxed 

14 The mcreased excrebon of fixed base after alkah mgesbon ap- 
parently depended on a primary mcreased abflity to excrete base 

TABLE 3 


Daia/or tirtmi eledroiyits oblainM at wrtotit iimes during tins investigation 
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et vj 


rt 0f 

« 



Wv 

N/IO 
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N/IO 
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NilO 
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N/lO 

N/iO 

2 

2 






4 28 

7 43 


144 5 


1,686 

3 

3 

8 65 

4 32 
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1 795 

5 

3 

8 15 


2 28 

27 3 

107 5 

3 58 

6 20 

143 3 

157 5 

14 2 
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n 


1^^ 

4 40 

2 36 

24 9 

■ P 

4 55 
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147 2 

158 0 

10 8 

3 890 

Wm 


iBSlS] 

4 25 

2 32 

28 0 

■ S 

4 20 

7 30 

143 6 


5 4 

1 966 



8 65 

4 32 

2 50 

31 4 

1 u 

4 30 

7 46 

144 8 


13 2 

3,083 

11 

3 

8 30 

4 15 


m 

li 




B 

7 6 

2 675 


15 Orgamc aads apparently were returned m the body when base 
was at a premium and were excreted in excess when aad was at a 
premium 

E Sennit eleclrolytcs 

The serum findings are shown m table 5 and chart 4 (q v ) All 
values are on serum In determimng the base bound by protem we 
used the formula of Van Slyke, Wu, and McLean (v supra) and 
assumed a pH of 7 35 The objeebons to this formula have been 
discussed by Peters, Bulger, Eisenman and Lee (22), but it offers an 
approximabon which is probably sabsfactory for comparative pur- 
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poses Base as BHCOj was calculated by the equation of Peters, 
Bulger, Eisenman and Lee (22) 

„ CO, - 2 85 

a s= — 

2 24 

where 2 85 volumes per cent is equal to the amount of CO 2 dissolved 
in serum at 40 mm of CO 2 tension and 38°C The phosphorus m 
miUigrams per 100 cc was reduced to cc of n/10 per 100 cc by the 



Chart 4 Graphic Representation of Data Shown in Table 5 

factor 1 8/3 1, acceptmg L J Henderson's (23) estimate of the pro- 
portion of primary and secondary phosphate m the blood The dif- 
ference between the sum of the base bound by the deterrmned aad 
and the total base we have termed “organic” aad, but sulphates are 
mduded also as a component of this value 
The serum calaum was defimtely low by about 1 5 mgm without 
any corresponding nse m serum phosphorus This is undoubtedly 
due to the low serum pro tern as pointed out by Salvesen (13) The 
serum total base was hkewise low durmg control periods 2, 3, 8, and 
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11 This supports the work of Blackfan and Hamilton (14)v These 
authors give the normal range of serum total base as 154 to 161 cc. of 
n/ 10 base It is of mterest that this lowered base value rose to 
normal durmg the latter part of the sodium chlonde ingestion, durmg 
the ammomum chlonde penod, and dunng the sodium bicarbonate 
penod When the total base value of the serum is compared with the 
total base excrebon, it will be observed that at least in these few 
mstances the serum total base rose as the excretion moreased Dunng 
the amm onium chlonde penods the CO» fell and the chlondes rose as 
was to be expected Durmg the sodium bicarbonate penod the 
opposite was true 


TABLE e 

Data for spinal fimd dairtilyUs 



1 

ir. 

1 

1 


fii 

111 

n 

J 

3 

sS 

1 

1 

o 






a It 



u 4 


N/JO 

H/tO 

N/IO 

/r/jo 

/f/JO 

N/IO 

If/jO 

N/20 

Normal serum water* 

5 10 

IBS 

25 4 

105 0 

12 3 

144 7, 

159 

14 3 

Serum water of patient 

4 45 

2 42 

29 2 

111 0 

1 6 

lljil’l 

156 

5 8 

Spinal fluid 

2 45 

1 00 

23 2 ! 

127 5 


1 '2' ^1 

161 

9 3 


• Values calculated Irom normal values given by Blacklon and Hamlllon (14) 


The following pomts here seem important 

16 The blood serum before medication differed from the normal 
m that the total protein was low, the total base was low, and the 
calaum was low 

17 Ammomum chlonde, sodium bicarbonate and sodium chlonde 
mgestion raised the serum total base 

18 The total base excretion mcreased m the urme when the serum 
total base was raised 


F Sptiial fluid electrolytes 

A lumbar puncture was done dunng penod 8, and it is of m- 
terest to compare the values for electrolytes found m the spmal flmd 
with those m the blood serum withdrawn at the same tune It is first 
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necessary to reduce the serum values to their values per 100 cc of 
serum water The formula of Van Slyke, Wu, and McLean (21) has 
been used, accordmg to which the grams of water in 1 hter of serum 
equal 990 — 0 8P, where P is the grams of protem per hter of serum 

The spmal flmd findmgs are perfectly consistent with normal 
values The most important difference between spmal flmd and 
serum is the small amount of protem m the spmal flmd This is com- 
pensated for by increased chlondes on the amon side The calaum 
m spmal flmd is likewise low due to the low protem As the serum 
protem is lowered m chrome nephritis with edema, it would appear 
that the serum findmgs approach the spmal flmd findmgs as a hmit 
The spmal flmd phosphorus, as has been repeatedly shown m this 
laboratory®, is lower than serum phosphorus, apparently m order to 
keep the same ratio of Ca to P found m the blood and m the bones 

The foUowmg observations then seem important 

19 The spmal flmd electrolytes were normal 

20 The serum findmgs differed from normal serum findmgs very 
much as spmal flmd findmgs differ from serum findings only to a lesser 
degree 

21 The ratio of calaum to phosphorus m the spmal flmd was ap- 
proximately the same as that m the blood, a relationship which we 
have observed m normal subjects 

It wfll be unnecessary to discuss all the findmgs here as this would 
lead to considerable repetition Three pomts however seem worthy 
of emphasis 

The pathological physiology of the fixed base metabohsm m chrome 
nephritis with edema has many points m common with that of the 
calaum metabohsm Thus the unnary excretion of both is low 
without there bemg any compensatory mcreased fecal excretion, 
both are low m the blood, possibly accoimtmg for the low unnary 
excretion, and ammomum chlonde ingestion mcreases the urmary 
excretion of both and probably raises the serum values of each 

It seems fairly well estabhshed by the work of Blackfan and Hamil- 
ton (14) that the serum total base is lowered m chrome edema This 
xS corroborated m the present study It is suggested from this study 


® Unpublished data 
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that agents which tend to raise the lowered serum base value toward 
normal mcrease the total base excretion in the urme In a recent 
contribution by Lmder 124) it is of mterest that one of the two cases of 
hydremic nephritis (case VII) had an initial total base m the serum of 
135 ca of n/10 per 100 cc, which rose to 145 ca of n/10 under hydro- 
chlonc aad therapy All this of course suggests that the low output 
of base is due to the serum base bemg below the threshold of kidney 
excretion 

The most suipnsing thing to us in this mvestigation was the regxmse 
to sodium bicarbonate mgestion It is true that the patient did be- 
come more edematous but much less so than we had expected It 
would seem that the mgestion of large amounts of sodium bicarbonate 
likewise raises the serum base to the normal threshold of kidney 
excretion with a resultmg mcreased base excrehon Our findmgs 
support the recent work of Osman (25) (26) who found that on 
the adnumstration of very large doses of alkali to such patients, 
there was at first an mcrease of edema until a critical pomt was 
reached when there occurred an extraordmary diuresis 

smoiARY 

The total aad base balance of the unne, the fixed base, calaum and 
phosphorus balances of the unne and feces, frequent detenmnations 
of the serum electrolytes, and one simultaneous detenmnation of the 
spmal fluid and blood serum electrolytes, have been made on a mild 
case of chrome nephntis with edema dunng twelve three day penods 
on a constant mtake m order to determine the effect of sodium chlo- 
nde, ammomum chlonde, and sodium bicarbonate mgestion 

APPENDIX 

The patient was a 35 year old married German rromnn who was admitted to the 
Massachusetts General Hospital on February 24, 1927 complaining of generahied 
edema. 

The past historj was unimportant except for measles and chicken pox m child- 
hood, an attack of tonsillitis at the age of 15, and since then occasionsl sore throats. 

The present illness started fifteen j-ears ago with slight swelling of the ankles 
at the end of the day This swelling gradual!) became more extensive. Sti 
months before admission she noted swelling of the face 

Physical examinaUon showed massive edema of the legs and slight eAimia over 



484 


ACID-BASE BALANCE IN NEPHRITIS 


the sacrum The blood pressure was 130/80 The heart was withm normal 
Imuts 

The urme exammation showed a large amount of albumm and a normal sedi- 
menL The specific gravity vaned between 1 005 and 1 015 The phenolsulpho- 
phthalem test showed a normal excretion of the dye The red blood cells were 
4,800,000 and the white cells 8,600 per cubic millimeter The blood non-protem 
mtrogen was 25 mgm per 100 cc The serum protem was 4 28 grams per 100 cc 
with a serum albumin of 2 3 grams per 100 cc The blood cholesterol was 222 
mgm per 100 cc The basal metabolism was minus 3 per cent 

The impression was that this patient was suffering from a rather mild and qmte 
stationary form of chrome nephritis of the nephrotic type 

A letter from the patient dated June 19, 1928 states that her condition has re- 
mamed stationary durmg the mtervemng year 


Diet 


Food sabstance 

Weight 

Protein 

Fat 

Carbo- 

hydrate 


gromj 




Bread, salt free 

100 

8 0 

2 1 

53 2 

Butter fat 

40 


40 0 


Sugar 

30 



30 0 

Apple (raw) 

200 

0 6 

1 0 

27 0 

Orange juice 

80 



8 64 

Banana 

100 

1 1 

0 6 

21 0 

Steak 

150 

31 95 

12 0 


Potato 

100 

1 9 

0 1 

18 1 

Com 

100 

2 8 

1 2 

19 0 

Tomatoes (raw) 

100 

1 2 

0 2 

4 0 

Chicken (white) 

30 

6 45 

0 75 

1 


CC 




Coffee 

200 




Tea 

400 




Total 


54 00 

57 95 

180 94 


Total calories, 1461 
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PROCEEDINGS OF THE TWENTY-FIRST ANNUAL MEET- 
ING OF THE AMERICAN SOCIETY FOR CLINICAL IN- 
VESTIGATION HELD IN ATLANTIC CITY, N J , MAY 
6, 1929 

Blood Vessels of Non^lt^artinyilory Ongtn tn Human Heart Valva By Axbeut 
W Brcoieh, and Louise J Zscedesche, (by invitation) and Joseph T 
Weakn, Boston, Mass 

Bv a method of procedure not used heretofore, blood vessels have been demon 
strated In one or more valves m 74 of a senes of 100 human hearts No heart 
with the clinical diagnosis of endocarditis or rheumatic fever has been mcluded 
A. percentage of the uxdividuals were sufferers of arterlo-sderotic heart 
disease 

After as much air as possible has been drawn from the coronary system, Weber’s 
or BQggina’ India mk, diluted with an equal amount of distilled water, is injected 
into the coronary artenes under a pressure of 220 lam. of mercury During the 
injection procedure, the heart is gently massaged in a tank of physiological saline 
solution at a temperature of 3S^C Inability to maintain an air tight system has 
probably been a source of error not infrcqacntly 

The valve leaflets of all hearts mjected have been rendered transparent by the 
Spalteholr method for microscopic examination The mitral valve has presented 
vascularization m 58 per cent of the hearts injected, the tricu^id valve m 43 per 
cent, the pulmonary valve In 25 per cent, and the aortic valve in 5 per cent 
Acts of two or more valves have been successfully Injected m 39 per cent of the 
total number 

The presence of vessels in the valves seemingly bears no relationship to age, the 
number of vascularized valves of the hi^ier decades bemg approximately the same 
as for each of the earliest decades 

The vascularization of the aortic leaflet of the mitral valve Is characterized by 
tu'o or more vessels of goodly calibre desanding m a sweeping looping ninjinpr 
from the aunculo-vxnlricular juncton toward the line of closure, where they jom 
In a meahwork of anastomoses Occasionally vascular twigs pass to the free rnwr 
gm of the leaflet. In some specimens vessels run upward In the chordae tcndincae, 
stopping short of the free margin of the leaflet, many looping about to return to 
the papillary muscle Occasionally, the chordae vessels form onastamoses with 
vessels m the basal third of the leaflet. Not ln£requeatl> , only one of the large 
descending vessels ma> be present, injection of the others having possibly failed 
through blockage with air, blood cells or a large carbon particle The postenor 
mitral leaflet is supphed by three or more large vessels descending with loops, 
arbonzations and onastamoses These vessels lie close to the supenoi surface of 

487 



488 


PROCEEDINGS OE r^ENTY-FIRST ANNUAL MEETING 


the leaflet In the non-cleared specunens they are not visible on the under side 
Histologically, the larger vessels show true artenal structure 
Tncuspid leaflet injections are characterized by extremely fine vascular twigs 
extending downward 4 to 8 mm As m the mitral valve, the loopmg and mter- 
lacmg arborizations are most impressive Vessels endmg bhndly mdicate an m- 
complete mjection 

The pulmonary cusp vascularization, as a rule, is limited to the lower one-half 
or two-thuds of the membranous portion, with fine artenoles and capfilanes ex- 
tendmg mto the cusps proper from along the hne of attachment The fihny tex- 
ture renders mjection most difficult because of collapse or kmkmg of the dehcate 
vessels 

The capiUary architecture of the aortic cusps is approximately the same as that 
of the pulmonary cusps, nith a nch vascular bed m the commissures Vessels 
occasionally run along the hne of closure to the corpus Arantu Studies are now 
m progress to determine whether the relatively small percentage of successful 
aortic cusp mjections may be explamed m many instances by the mam blood sup- 
ply bemg derived from the vasa vasonim rather than from the immediate coronary 
vessels 

Experiments on the Patency of the Blood Vessels of Nephritic Kidneys Obtained 
at Autopsy By J M Havman, Jr , Philadelphia, Pa 
One of the first questions which arise m the study of the physiology of the dis- 
eased kidney concerns the capaaty of its vessels to permit a normal blood flow 
These experiments aimed to distmguish those types of kidney damage m which a 
mechanical, anatormc obstruction to blood flow exists from those m which the 
structural condition of the vessels might be regarded as permittmg a normal blood 
flow 

Sidneys obtamed at autopsy were perfused with Rmger’s solution at 100, 150 
and 200 mm Hg pressure and the perfusate collected from the renal vem The 
results have been compared with roentgenograms of the artenal tree after mjec- 
tion of bismuth and with histological sections 

Smce large kidneys permit a greater volume of perfusate per mmute than small 
ones, all data were reduced to flow per gram of kidney per mmute This of course 
mtroduces a disturbmg factor m kidneys edematous from disease, but this is off- 
set by the advantages of the method m comparmg perfusabflity of different kidnej^ 
The volume of perfusate per gram of kidney m 18 normal adult kidneys vaned 
from 1 2 to 2 5 cc per mmute at 100 mm Hg perfusion pressure, from 2 1 to 4 3 
cc per mmute at 150, and from 2 5 to 5 5 at 200 mm pressure There was no 
detectable relation between volume of perfusate per gram of kidney and age 
Kidneys showmg purely degenerative changes, the so-caUed nephroses, allowed 
as great perfusion flows as normal kidneys This group mdudes a kidney of 
pregnancy and one of bichlonde jKnsomng 

Kidnej’S from 9 cases of benign artenolarsclerosis showed a decrease m volume 
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of perfusate per gram roughly proportional to the degree of sclerosis Two of these 
showed only mild changes histologically and the perfusion flows fell withm lower 
normal range Four kidneys showed moderately advanced changes histologically 
One of these gave a perfusion flow within the lower norinal limit, the other three 
distmctly below it The other three kidneys showed advanced changes and the 
perfusion flow per gram of kidney was greatly reduced m alk Unfortunately 
suitable methods are not available for estimating quantitatively the decrease m 
number of patent glomeruli per gram so that it is imcertain what part decrease in 
number of perfused units and increased resistance m existing vessels play In the 
diminished volume of perfusate Since the relative mcrease m volume of perfusate 
with increase m pressure is of the same order in normal and artenolarsclerobc 
kidneys it seems probable that decrease m the number of patent glomeruh Is the 
more important factor 

Two kidneys showing mild acute diffuse nephritis gave perfusion flows below the 
normal range Kldnej'S from 5 cases of chrome glomerulonephritis and uremia 
showed a marked reduction of perfusate per gram of kidney at all pressures The 
average flow per minute was 0 5 cc at 100 mm pressure, 0 9 at 150, and 12 at 
200 These flows were of the same order as those -found m advanced arteriolar- 
sclerosis 

Capillcry Blood Plow tn Man dunng Fever ^ By Frauk FREiiONT-Smnr, and 
(by mviutlon) L Ravuokd hlowusoN, and Alexandek W hlATEPEACE, 
Boston, Mass 

Direct microscopic observations of the human nailfold capillanea have been 
made during the febrile reaction produced by the intravenous injection of typhoid 
vaccine 

Comadent with the onset of the fever there occurs complete stasis m practically 
every visible capillary From a normal flow this stasis reaches its climax rapidly, 
often suddenly, and continues until the fever has nearly reached its height Dur 
Ing the period of stasis cyanosis occurs 

Just before the height of the fever is reached the blood flow in the capillaries 
begins agam, at first slowl), but withm a short time becomes enormously rapid 
with the appearance of capDlar^ pulsation and the disappearance of the cyanosis 
The fever now begins to folk The rapid flow lasts throughout the period of 
falling temperature and often for many hours afterwards 

This same senes of phenomena occurs in malaria and in sodoku (rat bite fever) 

Eridcnce is brought forward to show that the stasis is produced by constnc 
tion of the tcnmnal arterioles 

The local apphcation of heat prevents the occurrence of the stasis, or abolishes 
the stasis once it has occurred 

At the meeting of this Soaety m April 1928 one of us (Fremont-Smith, F , 
Dailey E and Thomas G ) presented evidence that dilution of the blood 


^ This in\-estigation was aided b> a grant from the Ella Sachs PloU Foundation 
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serum and cerebrospmal fluid occurs during the febrile response to mtravenous 
mjection of typhoid vaccme, analogous to the dilution seen m many acute infec- 
tions 

We have shown that this dilution of the blood serum occurs as a result of re- 
tention of mgested water withm the organism No dilution occurs if water is 
withheld Water drmkmg normally results m prompt diuresis Durmg experi- 
mental typhoid vaccme fever, however, (and also m malarial fever) diuresis is 
delayed from six to twelve hours or longer 
The antidiuretic effect of typhoid vaccme fever begins comadently with the 
constnction of the skm arterioles described above This could be explamed by a 
similar vasoconstnction of the renal vessels Mendelson, 1883, demonstrated 
such a vasoconstnction m the kidney durmg experimental fever m dogs 

The influence of this antidiuretic effect of fever upon the development of 
cardiac and nephntic edema is discussed 

The Dynamics of the Circulation in Hypertension, and Its Bearing on Therapy By 
Soma Weiss and (by mvitadon) Laurence B Et.t.ts, Boston, Mass 
Few, if any, systematic studies of the circulation m artenal hypertension have 
been made As a result, there exists no adequate knowledge of the function of the 
circulation m this condition, and, therefore, rational therapeutic measures cannot 
be apphed 

In an endeavor to throw some hght on this subject, a group of patients with 
artened hypertension, but without evident cardiac failure or kidney damage, were 
studied, with the object of discovenng wherem the physiology of the circulation m 
hypertension differs from the normal The arterial blood pressure was detemuned 
by the Riva Roca method, the artenolar and capillary blood pressure of the vessels 
of the skm was estimated with modified Reckhnghausen capsules, the venous blood 
pressure was measured by the method of Montz and Tabora The vital capacity 
of the lungs was obtained with a portable spirometer, the cardiac output per 
mmute and per stroke was ascertamed by the carbon-dioxide method, the basal 
metabohsm was obtamed with the Tissot method The veloaty of blood flow 
was tested with the radio-active deposit and the histamme methods, and, finally, 
the blood volume was detemuned by the dye method In a group of 16 patients, 
nearly all of the above measurements were undertaken repeatedly under basal 
conditions In an additional group of 30 patients several of the circulatory func- 
tions were studied 

These findmgs mdicate that, m essential artenal hypertension, although an 
abnormally high pressure exists m the arteries and artenoles, the capillary and 
venous pressures are normal In other words, there is an abnormally great drop 
m the pressure gradient between the artenoles and capillanes Notwithstandmg 
the high pressure m the artenes, the average cardiac output per mmute, the stroke 
volume of the heart, the veloaty of blood flow, and the arcuiatmg blood volume 
are shghtly less than m healthy mdividuals 
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The resistance, ^vhidi has been demonstrated to exist in the arteriolar portion 
of the vascular circuit, offers a considerable impediment to the cardiac function and 
markedly mcreascs cardiac work. The development of the high pressure in the 
arteries may well be a compensatory response on the part of the circulation to 
reestablish the normal capillnry blood flow and nutrition of the tissues 
The basal metabolism averages above the standard for normal persons The 
effiaency of exchange of oxjgen and carbon dioxide between tissues and capiUarj 
blood, judged from the ratio of tissue consumption of oTygen and the correspond 
ing volume of blood flow, is better than m healthy people 

This study mdicates that in order to gain beneficial rcsnlts by means of a reduc- 
tion of high blood pressure, the arteriolar resistance must be diminished Thera 
peutic measures which mduce a lowenng of the blood pressure by lessening cardiac 
output or decreasing blood volume cannot be of permanent benefit 

CardioiacJiofneinc Studies of the Neuregente Regulation of Ventnailcr RatetnAunat 
lar Ftbnllaiion By Erkst P Boas, New York, N Y 
The ventnculor rate of patients with auricular fibrillation has been studied by 
means of the cardiotachometer It has been shown that the ventncular rate is 
very variable, that it accelerates b response to the slightest exertion or emotion, 
and that it sbwi during rest and particularly during sleep All of the evidence 
bdicates that the ventncular rate b these patients is under control of the cardiac 
nerves, and that alterations in rate are governed by neurogenlcally determbed 
changes b conductivity of the specific conduetbg tissue of the heart The changes 
m ventncular rate ansc, apparently, b response to the varjmg phj^ologic 
needs of the body, just as m health, but the reaetbn Is not so well regulated and is 
often excessive. 

Patients with auricular fibrillation may be classed b two groups — those with 
bbile and with stable ventncular rates The former are high strung and nervous 
and correspond to patients with neurodrculatory asthenia, 'Iheir ventricular 
rates tend to be rapid, and quantities of digitalis b excess of the body weight 
dose are required to keep the ventncular action slow and stable In addition it 
would seem that sedative and psychotherapeutic treatment would assist materially 
b sbwmg the ventricles In the stable group the N’entncles do not exhibit such 
an exaggerated response to physical and emotional stimuli, and can be readily 
kept under control by the usual methods of digitalis therapy 

The value of rest and sleep m the treatment of patients with auricular fibnlla 
tion, a fact well known, is forcefully demonstrated by actual count of the number 
of heart beats by means of the cardiotachometer 

Observations upon the Refractory Period of the Normally Seating IfammaJian Heart 
ByE Cowixs AimauB and Edward P Carter, Baltimore, Md 
Previous detennbaUons of the rcfractor> period of the rPHmmaHan auricle have 
involved drivbg the heart wdth a senes of break Induction shocks at a rate neccs- 
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sanly more rapid than that of the spontaneous rhythm The local stimulatmg 
effect of these repeated shocks has made accurate measurements possible only 
upon the atropimzed heart, and m many mstances, has led to false responses 

Usmg a specially designed apparatus the authors have determmed the refrac- 
tory penod of the normally beatmg dog’s heart The action current is led off 
from the aimcle, amplified to 12 to 20 volts, and applied to a hght relay Activa- 
tion of the relay releases a pendulum which m turn throws m a smgle break mduc- 
tion shock at an mterval controlled by the position of a tumble switch along its 
arc Bv this means the normal exatatory process is utilized to control the timing 
of the mterrupting shock In contrast to earher measurements the results of the 
authors show a sharp pomt above which each stimulus produces a response and 
below which excitation fails to occur 

A second difficulty in refractory penod determmations m the past has been the 
necessity of mtroducmg the mterruptmg shock at some distance from the record- 
ing electrodes on account of danger to the galvanometer string This has been 
overcome by the use of a balanced circmt with a double mducfaon coil as the source 
of stimulus and by groundmg the proximal lead With such a circmt it has been 
possible to place the stimulatmg electrodes actually astnde the proximal lead 

A senes of measurements has been made under a vanety of conditions The 
refractory penod of the normal dog’s auncle has been found to be between 0 08 
and 0 12 second Stimulation of the vagus bnngs about conspicuous shortemng 
to 0 05 second or even less A single dose of atropme sufficient to paralyze the 
vagus causes the refractory penod to lengthen Slow mtravenous infusion of 
adrenalm produces considerable shortenmg but not to the degree noted under 
vagal stimulation Moreover these changes m refractory penod are not propor- 
tional to alterations m rate, m the case of vagus stimulation and paral 5 ^is, rate 
and refractory penod vary m opposite directions 

It has been repeatedly observed that a stimulus mtroduced shortly after the 
end of the refractory penod, during vagal stimulation, is followed not by a smgle 
response, but by auncular fibnUation Such results have been reported by de 
Boer and others but always m hearts depnved of their blood supply or poisoned 
with vanous drugs and never under vagus stimulation alone This suggests two 
pomts of mterest (1) Focus of stimulation — m every case the stimulus was 
apphed well out upon the auncular appendix (2) This rhythm followed stimuli 
which, m the absence of vagus stimulation, would have fallen withm the refractory 
penod Due to shortemng of the refractory penod by the vagus they fell upon 
tissue which was excitable but m which recovery of conductivity had presumably 
not yet returned to normal Hence as long as vagal stimulation was contmued 
there existed m the auncular musculature, the conditions favorable to a re-entrant 
rhythm The fact that under conditions of mcreased vagus tone, an extrasystole 
occurrmg early m diastole may lead to a re-entrant rhythm is, it seems, significant 
as a possible explanation of the genesis of auncidar fibrillation 
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Orthopnea^ Its RelcUon to the Increased Venotis Fressure of Myocardial Failure 
By A Carlton Ernftene (by mvitnuon) and Herrman L. Blumoart, 
Boston^ Mass 

The factors, -which impel patients with myocardial failure of the congestive type 
to sit up mbed, have aroused the curiosity of many investigators Insufficient 
attention, however has been haid to the r61c of m creased -venous pressure m caus- 
ing this phenomenon The mechanism producing orthopnea m a patient with 
increased venous pressure due to uncomplicated congestive failure we bcheve to 
be as follows Increased pressure withm a vein causes slowing of blood flow m 
the corresponding capillary tributaries If a patient with cardiovascular failure 
and a nght auricular pressure equivalent to 15 cm. of water should he flat in bed, 
the veins about the respiratorv center would have a corresponding pressure of IS 
cm and the blood flow would be diminished If, however, he should sit up so 
that the respiratory center were 15 cm. above the right auncle, the pressure withm 
the -veins leading from the rc^iratory center would be zero The blood flow in 
the oqiillanes feeding these veins would then be mercased, and the respiratory 
center might be expected to receive a more adequate blood supply This should 
lessen subjective respiratory distress 

To test the vahdity of this theory, 82 coropansons-of the height of venous pres- 
sure and the degree of orthopnea have been made in 21 patients with uncompheated 
myocardial faflure The venous pressure was measured by the direct venepunc 
ture method of MonU and Tabora, and the degree of orthopnea was estimated by 
measuring the perpendicular distance between the nght auricle and a point cone 
sponding to the respiratory center the external occipital protuberance. A parallel- 
ism between these measurements was, in general observed the higher the venous 
pressure, the greater the orthopnea. 

Moreo-ver, with the patient flat m bed, simple ele\Tibon of the head by flexmg it 
on the thorax conspicuously diminished the respiratory distress in practically 
ever> instance No other theory of orthopnea accoimts for this phenomenon 

These and other observations Indicate that, while other mechanical factors are 
not without importance, in uncomplicated m>'ocardial faflure the orthopneic 
position reduces subjective discomfort by releasing the respiratory center from 
the effects of increased venous pressure This mechanism we believe to be of 
fundamental Importance m the pathogenesis of orthopnea. 

Expenmenlal Edema By Ixjuis Letter (b> invitation) and Franklin C Me 
Lean, Chicago, HI 

The well hnown association of low plasma proteins with certain forms of rlim 
cal edema and the concept of Starhng that the osmotic pressure of the plasma pro- 
teins determmes the rcabsorption of tissue fluids into the capillanes, suggested 
the production of experimental chrome hypoproteinemia 

Dogs were bled 400 to 500 cc. twice daily from the heart and a corresponding 
volume of crj throcytes suspended m an alkaline Locke’s solution was remjected 
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mtravenously Fifteen hundred cubic centimeters of 0 85 sodium chlonde solu- 
tion were given daily by stomach tube The concentration of plasma proteins 
was determmed by the usual micro-Kieldahl methods 

Defimte subcutaneous edema with gam m weight appeared by the fifth day m 
all of the dogs whose plasma protem level fell to about 3 per cent or less Asates 
usually occurred at about the same time The edema ordmanly mvolved the 
external gemtals, thighs, buttocks, permeum, and louer abdomen Discontmu- 
ance of bleedmg for twent 3 ’--four hours led to prompt nse of the plasma proteins 
and rapid disappearance of edema m spite of contmued administration of sahne 
The entire cycle could be repeated on further plasmapheresis 

The subcutaneous edema and asatic fluids resembled nephrotic edema flmd m 
appearance, with extremely low protem content — usually less than 0 1 per cent m 
the former and about 0 25 per cent m the latter This composition defimtely 
ruled out the mcreased capillary permeabihty which is the cause of other types 
of experimental edema 

Control experiments were made to rule out cardiac damage, under- nutrition, 
and high salt and water mtake per se, aU with negative results Plasma protem 
depletion alone does not lead to edema, hence, as m clmical edemas, the salt mtake 
IS an important factor This experimental edema was apparently on an extrarenal 
and mechamcal basis analogous to that seen m some forms of Bnght’s disease and 
m undemutrition (war edema and cachectic edema) 

The Effect of Edom on Oxygen Uithzalion By T R Harrison and (by mvita- 
Uon) Cobb Pilcher, Nashville, Tenn 

The oxygen content of arterial blood and of blood from the femoral vems has 
been studied m patients u ith heart disease and m mdividuals without circulatory 
disorders The utilization (arteriovenous difference) is less m patients with car- 
diac edema than m the control group Average values for numerous analyses were 


Arlerio-venous difference in vohimes per cent 


Cardiac patients I 

Nonnal 

Non-card lac 
edema 

Marked edema 

Moderate edema 

Slight edema 

No edema 


4 08 

5 IS 

5 44 

6 52 

7 73 

4 22 


There were two exceptions to these general findmgs In patients with (a) 
digitalis mtoxication or (5) aadosis, the utflizabon was high, whether edema was 
present or not 

The low utilization m patients with edema was noted whether they were gammg 
or losmg edema These observations are mterpreted as follows Smce there is 
hyperoxemia of the femoral venous blood in patients with edema of the legs, m- 
creased blood flow through the edematous legs seems probable This may be due 
to local oxvgen lack m the tissues if, as seems likely, edema m the tissues, as m the 
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lungs, causes a partial obstrucbon to the passage of oxygen thjou^ the capillary 
walL Hence, the oxygen pressure may be raised in the blood and lowered in the 
tissues. It that edema per se throws an additional stram on the heart by 
causing additional circulation to the edematous tissues and hence, that a vicious 
cycle may ensue Therefore It is probable that the cardiac patient suffers not so 
much from cardiac msufficicncy as from arculatory inefficiency 

It should be emphasised that the results found seem lo be primarily effects, 
and only secondarily causes of edema 

A Study of Serum Inorganic Sulfates tn Renal Imuifiaency By E G WAKSFmtD 
(by invitation) and N M Ksim, Rochester, Minn. 

Further Studies on Deposit Nitrogen By G P GaABriELD, Boston, Mass. 

In the attempt to apply previous studies on the mobilkation and excretion of 
mtrogen m the body by means of iodides and sahcylates to patients with chronic 
Bright’s disease, it was found that patients showing the nephrosis syndrome ex 
creted large amounts of mtrogen in proportion to the sulphur excretion In com 
parmg cases of Bright’s disease without edema with those presenting the nephrosis 
sjTidrome, it \m found that the former excreted unne, presenting the normal 
nitrogemsulphur ratio and that these patients tended to exhibit negative sulphur 
balance Patients presenting the nephrosis syndrome, on the contrary, showed a 
strong tcndenc> to retain sulphur as con^iared with their retention of nitrogen 
Such patients retomed as much as S5 per cent of the sulphur of the diet. In a 
general way, of the patients presenting the nephrosis syndrome those that re- 
tamed on high protein diets most sulphur m relation to the retention of nitrogen, 
showed the best dimcal results m loss of edema and sense of well being 

These patients were kept for long periods on diets constant as to mtrogen, sul 
phur and pho^horus. The water Intake was controlled and kept at a definite 
level by calculating the water content of the food and adding suffiaent fluid to 
the diet to make a constant volume. 

It was found that many of these cases were mixed and that some approached 
on lower protein diets the ideal condition m relation to nitrogen and sulphur re 
tamed 

The basis for farther study of the sulphur metabolism m Bnght's has 

been laid b> these experiments, and it seems not unlikely that this component of 
the protem molecule will prove to be a factor of greater importance than it has 
hitherto been considered to be 

Lsoer Fractions in Permcious Anemia By Rakdolph West, and (by mvitation) 
Majuon Howe, New York, N Y 

We have shown that the substance in li\xr cffecti\e m pcmlaous anemia is 
preapitable b> phosphotungstic aad but not b> silver even m alLalme solution. 
The process now used is as follows 
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Four hundred grams of Lilly Liver Extract is dissolved m 600 cc water and to 
this 200 grams anhydrous NajSO^ are added After filtenng off the precipitate 
which forms, sufficient 95 per cent alcohol is added to the filtrate to give a final 
concentration of 60 per cent The supernatant alcohohc flmd is poured off withm 
a few minutes after addmg the alcohol and filtered Alcohol is blomi off from 
the filtrate with a han drj'er tiU volume is about 500 cc The Kossel silver frac- 
tionation IS then earned out usmg silver lactate and baryta, and excess silver 
removed from the filtrate as sulphide or chlonde and baryta as sulphate To the 
silver filtrate 3 per cent by volume HjS 04 is added, and then a moderate excess of 
phosphotungstic acid (Kahlbaum) The phosphotungstic precipitate is dissolved 
m 75 per cent acetone and decomposed with hot aqueous baryta and filtered at 
the pump Excess baryta is removed as sulphate, acetone blown off, and the 
matenal is ready for feedmg Yield about 3 to 4 grams sohds This fraction has 
never failed to give positive results on feedmg m permaous anemia The best 
preparation fed to a case of tropical sprue m doses of 0 5 gram daily for eight days 
gave a reticulocyte peak of 200,000 per cubic milbmeter, red blood cells bemg about 
1 9 million The poorest preparation fed m doses of 1 5 gram daily to a case of 
permcious anema gave a reticulocyte peak of 360,000 per cubic millimeter with 
red blood cells at 1 2 miUion This is known as fraction B It gives positive 
biuret, mdole and diazo reactions, also a positive “arginme” reaction with a 
naphthol and sodium hypochlorite 

On treatmg fraction “B” with mercuric acetate at pH 6 0 practically all 
matenal precipitable with phosphotungstic acid is removed from the solution, 
but on regeneration of the precipitated bases with HzS and feedmg m 0 6 gram 
doses daily we have had negative resutls (one case tropical sprue with prompt 
response later) to 12 grams Lilly Extract daily 

On adjustmg fraction B to pH 7 0, and adjustmg volume so that the matenal 
denved from 800 grams Lfily Extract was m 100 cc water, and pounng this mto 
900 cc of acetone, the biuret positive matenal was largely preapitated A case 
of pernicious anemia was given 1 5 gram of this precipitate, denved from several 
kilograms of LiUy Extract, daily for eight days with a negative result, and later 
responded well to hver The acetone soluble matenal, after blowmg off acetone, 
gave a strong diazo and mdole reaction and an extremely famt biuret This in 
doses of 0 6 and 0 8 gram daily has given weak positives (reticulocyte peaks of 
about 140,000 per cubic millim eters with red blood cells below 2 0 milli ons) m two 
cases, and a negative m one case 

On evaporatmg fraction B to small volume and makmg up to 100 cc (matenal 
from 400 grams Lilly) with absolute alcohol to give final alcohohc concentration 
of 74 per cent and treatmg with an excess of alcohohc platmic chlonde a preapi- 
tate formed which on regeneration with H 2 S and repreapitation with platmic 
chlonde was ciy'stalhne The platmum content and the meltmg pomt of the 
aunchlonde and mercunchlonde agree with those of chohne Mixed meltmg 
pomt with known chohne aunchlonde showed no depression An msoluble iodide. 
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resembling choline iodide in crystal form was also observed. On feeding this base 
in doses of about 700 mgnu daily for ten days to a case of pernicious anemia with 
red blood cells at one miUion per cubic miUimcter the reticulocytes rose from 42 
to 11 4 per cent. This material had been through platinum but once, and was 
derived from 4 kgm. of Lilly Extract The effect was probably due to impunties 
accompanying choline A second case fed 120 mgm daily of material, twice 
through platinum, showed on the eleventh day of feeding a nse of reticulocytes, 
from 1 to 7 per cent with red blood cells at 1 0 milbon 

The platmum mother hquor, after removing Pt with HjS on feeding 5 5 grama in 
one dose gave a reticulocyte peak of 150,000 per cubic millimeter with red blood 
cells at 1 7 milboTu 

Synthetic choline, on feeding six grams m three days gave no rebculo^^ re 
sponse on the seven days following, whereas feeding 72 grams Lilly Extract in two 
days gave a reticulocyte peak of 300,000 per cubic millimeter with red blood cells 
at 1.2 million on the seventh day after feedmg 
Fraction B has retained Its fuU activity after removing all material preopitable 
with picric add (4 grams sohds In 20 cc solution saturated with solid picnc aad) 
and after shakmg with butyl alcohol in both oad and alkaline solution 

Serum Iron Sludta Bv Heuian H RtECKEE and Mary E Winters (by invi 
tation) and Henry Field, Jr-, Ann Arbor, Mich- 
The object of this study was to determine whether or not a relationship ousted 
between (1) the level of serum iron, hemo^obm production, and iron administra 
tion m the experimental anemia of hemorrhage, (2) the level of serum iron and 
the iron metabolism m permaous anemia during active remission, and (3) the 
serum iron content and the heraoglobm percentage in vanous secondary anemias 
Iron dctcmnnations were made by EUvcJhcm s and Hart s modification of the 
Thompson method. The element of error possible from hemolysis was avoided 
by preapitation of the serum proteins with trichloracetic aad, following the sug 
gesUon of Bnggs 

The annnal experiments were conducted upon dogs by a method essentially 
similar to that devised b> Whipple and Robscheit Robbins 

The following relations were noted As the anemia progressed there occurred a 
depression m the serum iron level from the normal of about 1 2 mgm- per 100 cc, 
of blood to between 0 7 and 09 mgm dunng which time the animal did not re 
generate hemoglobin "WTien Fc was added to the diet in any form regeneration 
began and the serum iron level defimtely rose 

Then a series of six pernicious anemia coses were studied dunng relapse and re 
mission Blood scrum iron dctermmatioiis were made and the intake and cicre 
tion of iron were determined The serum iron figures were all above, or withm, 
the normal limits 

The iron excretion of patients before treatment on a constant intake of 7 to IS 
mgm- was found to be fairly constxmt, as was the control case. However, when 
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treatment was begun with hver extract a marked mcrease of excretion over mtake 
occurred and contmued throu^out the periods of observation 

In the secondary anemias those due to hemorrhage were separated from those 
of an umdentified nature In cases with acute hemorrhage the serum iron levels 
were m general lower than m the other types The studies m secondary anemia 
have not been completed so that the results given merely mdicate the trend of 
the mvestigation 

Co>tdtiswns 1 In the experimental anemia of hemorrhage a defimte iron 
starvation is present and th i s is reheved by iron feedmgs with a rapid mcrease m 
hemoglobm production Serum iron determmation may be used to detect this 
condition 

2 In permcious anenua there is a well marked negative iron balance durmg the 
remission mduced by hver extract The serum iron levels tend to be mcreased 
above the average normal in relapse, and to approach the normal m remission 

3 No degree of iron stravation could be found m secondary anemias comparable 
to that m experimental animals with anemia due to hemorrhage 

TJte Endogenmis Unc Acid Melaholtsm tn Penitaous Anemia Matthew C 
Reddle, (by mvitation) and Cvrto C Sturgis, Ann Arbor, Mich 

The endogenous unc acid metabolism was studied durmg early remission m 
twelve patients with permaous anemia, usmg purme-poor diets over penods of 10 
to 75 days 

Before treatment, m two patients the concentration of unc acid m the blood 
serum was higher than normal, m three it was normal, and m six lower than nor- 
mal Only one patient excreted mcreased amounts of unc aad before treatment 

Durmg remissions mduced by hver extract therapy there was an mcrease m 
the urmary excretion of unc aad of from 74 to 531 per cent and an maease m 
concentration of unc acid m the blood serum of from 28 to 239 per cent which was 
correlated with the nse m percentage of reticulocytes The maeased unc acid 
metabolism was shown to be endogenous m nature by the failure of impotent hver 
extract to produce the typical results, by the typical unc aad maease both fohow- 
mg the administration of a smgle massive dose of hver extract and durmg spon- 
taneous remission and by the failure of hver extract to maease the unc aad metab- 
olism m a normal person 

The mcreased unc aad metabolism may be assoaated with the maeased rate 
of destruction of red blood cell nuclei and a general maease m nuclear metabolism 
durmg remission 

Calcium Metabolism in Hyper- and Eypo-Parathyroidism By H A Bulger and 
D P Baer, St Louis, Mo 

Recent advances m our knowledge of calaum metabohsm, espeaally those 
afforded by Colhp’s parathyroid extract, have placed us m a position to recognize 
the dmical picture of hj'perparathyroidism Extensive study of two such patients 
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has revealed typical symptoms and associations, together with characteristic 
abnormalities of caldum metabolism More calaum than ingested was cicreted 
by the intestines alone, although there were also excessive amounts In the urine. 
There was a negative phosphorus balance 
A great reduction m calaum m the urine and a positive calaum balance could 
be obtained b> administration of phosphates 

These abnormalities were compared with and were in striking contrast to those 
found in hypoparathyroidism, in which there have been almost neghglble amounts 
of calaum in the urine and a remarkable tendency to retam calaum 

One patient with hyperparathyroidism was studied m all stages of transition to 
extreme hypoparathyroidism which followed the removal of a parathyroid tumor 

The Specific Dynamic Action oj Protan tn the Obese By E F Du Bois and (bv 
Invitation) H. J Spences, W S McCieixan and E Fatjc, New York, N Y 
One explanation of obesity Is that the specific dynamic action of food stuffs is 
below normoL There Is considerable doubt, judging from the literature, whether 
this is a fact We have studied the influence of protein in obese and normal m 
dividuals by means of the respiration caloruneter 
Twelve observations foUowing meals of 300 to 500 grams of lean meat were 
made on 4 obese and 3 normal men of various ages who were studied for consider 
able penods in the metabolism ward These observations show considerable 
varmtion In the heat output from hour to hour both In the individual records and 
in the group averages The extra heat production, expressed as percentages of 
the basal heat out put has been calculated houriy from the time the meat was 
ingested 

The average increase m caloric output of the obese men surpassed the normal 
m the fourth hour The normal men put out heat more umfonnily The average 
surplus heat output per hour was approximately 13 per cent for the obese, and 
17 per cent for the normal men 

Our impression is that, while the obese man responds to protein more irregularly 
than the normal man, his extra heat output is not significantly different from the 
normal 

The Effect of Lessened Respiratory Reserve on the Blood and ike Circulation An 
Experimental Study By Willis S Lemon, Rochester, Min 
A senes of experiments was earned out with the object of obser\nng the effect 
of lessened mechanical efficiency on respiratory reserve It was hoped also to 
discover the point at which reserve is lost, respiration as a function becomes 
inadequate and arculatory aid Is requurd to maintam comfortable existence 
The animal studied was an mtelligent dog which had previously been taught to he 
quietly whDe weanng the mask usually employed for basal metabolic estimations 
At approximately weekly mtcrvals during March and i^ril of 1927, the dog was 
subjected to four operations carried out imder ether anesthesia and aseptic tech 
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me These operations were (1) evulsion of all the left intercostal nerves, (2) 
evulsion of the lower eight nght intercostal nerves, (3) evulsion of the nght phremc 
nerve, and (4) evulsion of the left phremc nerve 

As, a result of this procedure, respuation depended on the actions of the muscles 
attached to the nbs postenor to the operative sites, 'and those extra-respiratory 
muscles about the neck and shoulders which are used normally only followmg 
extreme muscular exertion The respiratory function of the diaphragm was of 
course excluded, and its effect on mtraabdommal pressure removed, its only r6Ie 
was that of a partition separatmg thorax from abdomen 

The behavior of the dog followmg surgical mterference was m every respect 
similar to that observed m a previously reported group of experiments As a 
result of section of the mtercostal nerves on one side, there was immediate or 
delayed, temporary or persistent, asymmetry of the chest, with a defimte and 
measurable loss m outward movement of the costal arch and margm durmg m- 
spiration The reduction amounts to from 30 to 50 per cent of normal, depend- 
mg on the number of nerves cut When half the diaphragm is paralyzed, no 
outward movement of the costal arch margin occurs durmg mspiration Symmet- 
ric reduction of movement results from bilateral section of the mtercostal nerves, 
and regardless of the order m which phremc nerve paralysis is mtroduced, the 
movements remam the same The animal of the present experiment after opera- 
tion hved comfortably, played about like its normal mates and on casual examma- 
tion could not be distmguished from them It could not, however, respond to 
vigorous exercise with the same ease owmg to the limitation of vital capaaty 

In accordance with the object of this mvestigation, the mtake of air for each 
umt of tune was measured both before and after the senes of operations, smee it 
was beheved the results would be eqmvalent m value to alterations m volume 
The figures mdicated that the respiratory function was adequate to supply suffi- 
aent ventilation under all conditions and that the vital capacity provided for a 
normal amount of tidal air 

The animal was returned to the kennels and apparently hved a normal hfe 
durmg the followmg year Despite the paralysis of the whole diaphragm and 
upper abdommal muscles, difficulty m urmabon or m defecation was not observed 
The lower abdommal muscles, however, had undergone hypertrophy 

Exactly one year after the last operabon, the abdomen was opened The dia- 
phragm was found to be high m the thorax and so thinned that the lungs were 
plainly visible through it Specimens from each leaf of the diaphragm were 
removed for study After the animal had recovered from the operabon, it was 
observed that as the chest was raised durmg mspuabon, the lower abdommal 
muscles contracted strongly This suggests a compensatory attempt to retam 
the abdommal contents m the abdomen, thus prevenbng respiratory embarass- 
ment 

Twenty months after the first operabon, the blood was studied to detemime 
whether or not the long confanued reduebon m vital capacity could have brought 
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about crythrocytosis, changes In blood volume, m hematocrit values, in hemoglobin, 
in oxygen, in carbon dionde, or m the blood coimt Electrocardiographic tracings 
•were also made Repeated calculations and comparisons with values obtained in 
normal dogs did not reveal significant alterations m the experimental animah 
This confirms the opmion that the Animal retained sufficient respiratory reserve 
and under ordinary hving conditions did not require assistance from the circula 
tion 

At the end of February, 1929, a second laparotomy was performed. After the 
adhesions were separated, It was found that the stomach, part of the duodenum 
and all but two of the lobes of the liver had migrated up mto the thorax, this 
confirmed previous roentgen my data The part of the diaphragm which yet 
remained was, as previously described, thm and translucent and flapped back and 
forth with respiratory movements An incision through Its costal attachments 
was made on each side thus eliminating its action as even a partition The abdo 
men was then closed and on recovery from the anesthetic the dog ran about the 
room without any apparent respiratory embarrassment. A regimen of rest was 
imposed to encourage healing and particularly to allow development of compensa 
tion and to avoid unnecessary strain 

Examinations of the blood, March 8 and 16, showed, respectively, hemoglobm 
85 and 90 per cent, erythrocj-tes 4,910,000 and 5,760,000 and leulxcytes 15,900 
and 12,400 for each cubic mPlimeter The differential count was essentially nor 
mal as also was the percentage volume of erythrocytes. The air intake each 
minute was somewhat larger than previously, being 4.56 hters as compared with 
3 18 preoperatively The respiratory rate each minute had increased to 22 from 
a preoperativc average of 12 The pulse rate remamed the same Hematocrit 
vaned from 42 to 45 per cent of cells Blood volume was 86 tc per kilogram 
The electrocardiogram was normal 

Sttmmcry Vital capaaty has been lessened, but ne^’e^ beyond being equivalent 
to tidal air, ventilation volume was raised somewhat, but never to an abnormal 
degree. The hemoglobm remamed withm the normal limits as also did the hema 
toent percentages Although the o^gen saturation of both arterial and venous 
blood was lowered the ortenal and venous oxygen content was essentiallv normal 
There was no erythrocytosis and the heart showed no evidence of abnonnality 

These findings would seem to confirm the independence of the fundamental 
functions of the cardiac and respiratory systems, great loss of reserve m one , being 
necessary before demonstrable evidence of codperative support is provided by the 
other 

The ExpenmeiUal Production bj Chrome Abscess of the Lung By Louis G Herr 
MANN, (by mvitation) and Eluott C Cutler, Cleveland, Ohio 

A study of the factors that are responsible for the chroniaty of the suppurative 
processes of the lung was made. The marked mcreasc In the intrabronchlal 
pressure associated with constant violent cough has been shown to play a mmor 
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r6Ie in the prolongation of the activity of these pulmonary lesions In the experi- 
ments previously reported from this laboratory only aerobic microorganisms were 
implanted m the pulmonary tissue by means of the vem-segment embolus The 
lesions that resulted were all of the acute type and they healed spontaneously 
withm three weeks 

Recently South showed that the bacteria present m chrome abscess of the 
lung m human bemgs were morphologically identical with the bacteria present m 
the material from the margins of the gums of patients with pyorrhoea alveolans 

A detailed study of this material was made and the embohe method of implan- 
tation of this matenal mto the pulmonary tissue was utilized m a senes of 38 
dogs With one exception each animal developed a localized abscess at the site 
of lodgment of the embolus Of the 38 dogs 28 9 per cent developed pulmonary 
abscesses which remamed active for more than five weeks In two of the ammak 
the lesions remamed active for 101 da}^ and 126 days respectively At autopsy 
the cavities of the abscesses were filled with grayish-green necrotic matenal that 
had a very foul odor There was a thick wall of mduration about the cavity of 
the abscesses 

The matenal from these experimentally produced chrome pulmonary lesions 
was odtured on a great variety of culture media and under both aerobic and an- 
aerobic conditions In all, twelve diflPerent vaneties of microorganisms were 
isolated m pure culture, — five aerobic microbrgamsms and seven anaerobic imcro- 
organisms 

These pure cultures of microorganisms were then implanted mto the pulmonary 
tissue of another senes of dogs The aerobic organisms produced only acute 
lesions that healed spontaneously withm three weeks The lesions that resulted 
from the implantation of the anaerobic microorganisms m the pulmonary tissue 
were of longer duration and several of them remamed active for more than five 
weeks Pure cultures of the Sptrochaefa microdmttum and the large and small 
vanety of fusiform bacilh were also implanted m the putmonaiy tissue but no 
lesion developed at the site of lodgment of the embolus 

Several combmations of these anaerobic microUrganisms were used and the 
lesions that were produced more closely resembled the true chrome abscesses of 
the lung which are found m man 

Our studies show that the anaerobic group of organisms are the important fac- 
tors that determme the chroniaty of pulmonary lesions Further experiments 
are bemg conducted with the hope of detenrunmg the exact combination of anaero- 
bic imero organisms that is responsible for the chromcity of these lesions 

T/ie Flora oj the Upper Respiratory Tract of Infants m the First Year of Life By 
Yale Kneeiand, Jr , (by mvitation) and A R Dochez, New York, N Y 

In connection with studies on the common cold, it was thought advisable to 
mvestigate the upper respiratory flora of infants This report is based on data 
derived from thirty normally-deUvered mfants m Sloane Hospital, a number of 
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these were subsequently followed in the out-^atlent depaitment, and observations 
were also mode on infants of the same age with and without colds As a rule the 
upper re^iratory tract is sterile at birth, no growth being obtained in 85 per cent 
of the cultures, and 80 per cent of the throats in the first day of life After 
the first feeding however, bacteria are regularly found in tbe throat, although the 
nose may remain sterile for another 24 hours Growth from the nose is rarely 
abundant the Staphylococcus albus being the most prominent organism. Diph 
therold bacilli rank next, with Stapftylococcus attreus and large Gram positi\'e coca 
following Streptococci are relatively less frequent, occurring in but 19 per cent 
of all cultures Members of the colon group and Gram negative coed are rarel> 
encountered From the throat growth is usually abundant with streptococci the 
outstanding organism, the indifferent (gamma) type being more frequent than the 
green producing varieties Staphylocoed arc also very common Colon bacilli 
arc occasionally seen, wlule diphtheroid bacflli and Gram negative coca are rare 
In the first two weeks of life, B pjetfertt pneumococens and hemolytic atreptocoe 
cus were never encountered ather m the nose or throat 

For comparison with this group, twenty eight normal infants from four to eight 
months of age were studied, and certain differences noted In the nose the staphy 
lococa were less outstanding, with a corresponding rise in the Gram negative 
coca (18 per cent os opposed to 1 per cent In the new bom), and the appearance of 
B pfetjfert and pneumococa In 7 and 14 per cent of the cases respectivel> The 
throat showed a marked increase In the green stxeptococa, which appeared m 100 
per cent of cases, at the expense of indifferent streptococa and staph>dococd 
The inadcnce of Gram negative coca went from 4 per cent to 71 per cent, and 
B pjeifm was found in S3 per cent of coses. Hemolytic strcptococd appeared in 
11 per cent (Nineteen of these normal infants gave a history of having had colds 
and mne did not, there was no difference between the two save for a somewhat 
higher Inadence of Gram negati\c coed m the throats of the former ) 

Observations were also made on twenty-one infants carl>' in the course of their 
first colds, the average age being three months There was no essential differ 
ence between their flora and that of the normal group, with the exception that thty 
showed a higher incidence of diphtheroid badlll, and pfciffer less frcquentlj From 
a clinical standpoint, these fiirst colds are mild, characterized bj a moderate degree 
of coughing and sneezing, with at times a little coryza, usually without constitu 
tional symptoms 

Lastly, a group of fourteen Infants with recurrent colds were studied, the average 
age being seven months. One striking change was noted from the normal con 
trols, namely the increase of B pjnffert and pneuroococQ m the nasal cultures to 
21 and 43 per cent respectively The latter was actually predominant m 36 per 
cent of cases It may be added that many of these children had a purulent nasal 
discharge, and smusitis was not improbable The flora of the throat remained 
unchanged 

From the evndcnce thus far obtamed, it would appear unlikely that there Is any 
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specific bacterial inatant of the early colds of infancy, although m the chronic 
recurrent type of cold bacteria probably play a part On the other hand, such 
pathogens as B ^/et^en, pneumococcus, and hemolytic streptococcus may occur in 
normal infants without givmg rise to symptoms 

Chloride Balance in Pneumonia'^ By J H Austin and (by mvitation) F W 
SuNDEKMAN, Philadelphia, Pa 

The mtake and output of chlonde have been measured m seven patients with 
lobar pneumoma Four of these patients received the usual diet and therapy, 
three received large amounts of sodium chlonde (8 to 30 grams per day) by mouth 
dunng the precntical penod In the first group although durmg the precntical 
penod excretion of chlonde m the urme was very low nevertheless the total excre- 
tion of chlonde exceeded the mtake In the second group the excretion of chlo- 
nde m the unne was mcreased but was less than m normal subjects In the second 
group there was consistently retention of chlonde before the crisis Our studies 
support the view that lobar pneumoma is characterized durmg the precntical 
penod by a diminished capaaty to conserve chlonde on a low mtake of chlonde 
and a diminished capaaty to excrete chlonde on a high mtake of chlonde 

The Experimental Reproduction of the Blood Picture of Infectious Mononucleosis in 
the Guinea Pig By L W Gorham and (by mvitation) David T Smith 
and H D Hunt, Albany, N Y 

Infectious mononcleosis is a benign sporadic disease occumng m young adults, 
and is characterized by fever, sore throat, and enlargement of the glands and 
spleen Although TurcL studied a case m 1907 the real mterest m this disease 
dates from the contnbution of Spnmt and Evans m 1920 

The frequent occurrence of sore throat m these cases suggested that the infec- 
tious agent either remamed localized to the pharynx or entered the body through 
the pharynx Some of the cases present tjqncal Vmcent’s angma of the pharynx, 
whfle others do not 

The first case studied was a typical case of infectious mononucleosis m a young 
gnl who had a very severe Vincent’s angma of the tonsils Some of the membrane 
from the pharvnx was mocidated mto the grom of two gumea pigs and both am- 
mals developed the typical blood picture of infectious mononucleosis Dr H. 
D Hunt developed infectious mononucleosis subsequent to his contacts with the 
patient and with the infected gumea pigs The mother of Dr Hunt also developed 
the disease apparently as the result of direct contact Material removed from 
the throat of Dr Hunt with a suction apparatus produced the blood picture of 
the disease m the gumea pigs Later m the experiments Miss R , who was coimt- 
mg the blood of the infected gumea pig, developed infectious mononucleosis 
Material removed from her throat also produced the typical blood picture m 


*■ This mvestigation was aided by a grant from the Ella Sachs Plotz Foundation 
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guinea pigs So the blood picture of the disease has been reproduced in guinea 
pigs -with material from the pharynx of three different cases One of these had a 
typical Vincent’s infection of the throat, one had a typical Vincent’s infection but 
the throat did not have Vincent’s infection* 

An examination of Dr H D Hunt’s throat in the early stage of the disease 
revealed a very large number of vibnos Smec very little is known of the blood 
reaction to vibrios we decided to isolate and study this organism first Two strains 
were Isolated, One from a case of Vincent’s angina and one from a case of acute 
Vincent’s infection of the bronchi Both these strains produced typical blood 
pictures m the guinea pig One of these strains was used only as a dead heat 
loiled vaccine This dead material produced just as typical changes m the blood 
as did the living organism of the other strain After recovering from one attack 
the nnimals were immune to a second or third moculation There was cross 
immumty between the two strains Blood from Dr Hunt agglutinated a vibno 
from a different source m a dilution of 1 64 Two cubic centimeters of this scrum 
prevented the appearance of the blood changes in the guinea pig for one week, 
after which time the typical changes appeared A rabbit was iromunixed to the 
vibno and its blood agglutinated tbe organism m a dilution of 1 320 Five cubic 
centimeters of this serum prevented the development of tbe blood changes m a 
guinea pig inoculated with 2 cc, of a vibno culture Five cubic centimeters of 
blood from a normal rabbit failed to protect a guinea pig inoculated with the same 
amount of same culture* 

Cultures of (1) fusiform bacilli, (2) Streptothm (3) Slapkylococciu albus (4) 
Staphylococcus atmus (5) Slreptococais hcmolyiicus (6) Streptococcus mndam (7) 
Baallus coh and (8) diphtheroid all fafled to produce this typical picture. 

The £J‘ccts of Over Ddsage vnih Irradiated Ergosterol By A T Shohl and (by 
invitation) Harby Goidblatt, Cleveland, Ohio 
Rats were fed normal diets and also ridtctogcnlc diets of both the high calaum 
and low phosphorus type and high phosphorus and low calaum type Four mgm. 
of irradiated crgostcrol (Vlgautol) were administered daily They died approii 
mately in seven days Marked calcification of the blood vessels of the heart, 
kidneys and stomach was observed and hypcrcaldficatlon of the epiphyses of 
the long bones Calaum and phosphorus of the blood serum and the ash of the 
fai free bones were determined* Control experiments with unirradiated crgostcrol 
or ohve oil showed none of these abnormalities 

Studies on the Value of Acid NeulraJisation tn the Treatment of Gastroduodenal Ulcer 
By Joseph A* Capps and (by invitation) Walter Lincoln Pauuer, Chicago, 
HI 

In this paper a comparison fs made between two MmTInr groups of patients, 
each comprising 27 cases of gastric and duodenal ulcer treated under the ^ame 
conditions as regards rest and gastnc evacuations, with the (ijct and with 
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hourly feedings of milk and cream Alkahne powders dissolved in 90 cc of water 
were administered hourly in one group m doses large enough to neutralize the gas- 
tnc free aadity as completely as possible throughout the entire digestive penod, 
m the other group, 90 cc of 10 per cent Liebig's beef extract was given every hour 
m place of the powders, the idea bemg to stimulate gastnc secretion thereby 
The duration of spontaneous pam was observed m each group and every fourth 
day an “acid test” performed for the purpose of ascertainmg the duration of sensi- 
tivity to this test The results are based upon this comparison The alkah 
group showed a much more prompt cessation of spontaneous pain than did the 
beef tea group and became aad insensitive more quickly 

A Study of ilie Reflex Influence of the Colon on the Stomach By Feed M SinrS, 
and (by mvitation) Geoege H Miixer, Iowa City, Iowa. 

There is a considerable difference of opmion relative to the possible reflex in- 
fluence of the colon on the stomach Epigastnc pam, nausea, and vomitmg are 
frequently associated with chronic cohtis Chmaans and roentgenologists have 
been mchned to attnbute these symptoms to a disturbed motor function of the 
stomach mduced by a reflex stimulation from the colon The experimental m- 
vestigation of this problem, however, has led to varymg conclusions 

In the present mvestigation, dogs, anaesthesized by barbital were employed 
A mid hne incision was made m the upper abdomen which would permit eqiosure 
of the stomach and proximal colon The stomach was filled with warm water 
and the activily observed dunng a control penod Croton oil was then mtroduced 
mto the proximal colon Precautions were taken to prevent the imtant coming 
m contact with the deum In some instances the bowel was later distended with 
air Following the introduction of the irritant into the colon there was usually a 
marked mcrease m the activity of the stomach The peristaltic waves were much 
more frequent, deeper, and at tunes very violent Durmg the height of the in- 
creased activity, reverse waves were occasionally noted The activity of the 
stomach was often further mtensified by distendmg the colon In experiments in 
which the irritation was confined to the appendix, the effect on the stomach was 
similar The activity of the stomach mduced by the stimulation of the colon or 
appendix was abolished by atropm 

The Systemic Effect of the Presence of Bile in the Peritoneal Cavity By G O 
Beoue and (by mvitation) A P Briggs, St Louis, Mo 
Whole bile or solutions of bile salts mtroduced mto the pentoneal cavity give 
rise to a severe serofibrmous pentomtis Vonutmg and diarrhea occur leadmg 
to dehydration There is a marked fall m blood pressure and extreme prostra- 
tion and weakness The heart rate may be slowed m some cases In others it 
becomes more rapid The electrocardiogram shows some irregular changes m 
the T-v aves Secretion of urme is decreased or completely suppressed 

Changes m blood chemistry are those expected with dehydration and decreased 
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unnar> output Blood chlondes show a moderate fall Non protein nitrogen 
and inorganic phosphate are markedl> mcreased Plasma protem increased 
slightlj Changes m blood lipoids and blood sugar were Irregular and not marked 
Tests for the presence of bile salts In the blood stream gave positive reactions 
In dogs no mcrcase in blood bOirubm was found although bflirublnuria occurred. 

Concentration of the blood is shown by deaded increases in red count, cell 
hematoent and hemoglobin content A marked polymorphonuclear leucoc> tosis 
occurs A moderate mcrease m the fragiUt> of the red corpuscles is observed 
Some free hemoglobin ma> be found in the blood plasma. In the absence of in 
fection, erythrocyte sedimentation rate is delayed Clotting time is BHghtl> 
delayed but may remam wnthm normal limits 

The R£spiralory Metabolism of the Tubercle Baedhts * By R. 0 Loebel, E Shore 
(by invitation) and H B RicitARi>soN, New \ork, N \ 

In the stud) of tuberculosis it is desirable to know the processes by which the 
parasite obtains ene^g^ and the inOuence of adverse conditions on its respirators 
raetaboUsra 

Ihe foUowmg is a studj of the oxygen consumption of the tubercle bacillus as 
influenced (1) bv the age of the culture (2) by the consUtuenU of the nutrient 
medium, and (3) by the pH of the solution 
After 8 da>'S cultivation on Long’s synthetic medium the consumption of ox> 
gen, measured in the micro-respiration apparatus of Warburg, averaged 2 6 emm, 
per milhgram of moist weight, per hour, after 15 da)"8, 2.2 after 22 daj's, 0 45, 
and after ^ da>'B practically zero The maximum w^as about twice as much as 
reported for mammalian leucoc>de3 It was about one fifth that of a rapidly 
gTOs\mg organism of the aad fast group i e , the smegma bacfllus. 

In order to establish a base Imc for the 8tud> of nutncnls the organisms were 
transferred from Long’s medium to a similar solution containing onl> the salts of 
sodium and potassium After 6 days the respiration became much reduced, but 
on retransfer to Long s medium regained nearl> its original level The oxygen 
consumption in Long s medium could be fractionated as follows 

fer cemi 


StnnTitlon Icvd G 

Effect of glycerol 73 

Effect of nitrogenous substances (asparaglii and aramonium dtratc) 10 

Effect of feme ammonium dtrale and magnesium sulfate. 2 


After starvation the organisms retained their onginol power of grow th 
No increase m respiration above the starvation level was observed as the result 
of transfer from buffered salmc to a similar solution contalnmg 5 per cent glucose 

^ Aided b> a grant from the Research Committee of the National Research 
Association 
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or levulose This is in accord with the well known difficiilty of cultivating the 
organisms by the use of sugars Sodium lactate caused a nse which even exceeded 
the effect of glycerol, but i\ as entirely meffective as a substitute for glycerol in 
the promotion of growth This is an instance in which the energv' metabolism is 
dissociated from growth 


TABLE 1 

-V 

T/'f influence of foodstuffs on ihe grmclfi and respiration of the tubercle bacillus — IT 37 


Puration 

Oxygen consumption per moist milligram 

1 

1 Remarks 

No 

foodstuff 

Glycerol 

5 per cent 

Ka lactate 

5 per cent 

Glucose 1 
5 per cent 1 

Levulose 

5 per cent 

hourx 

c mm 

c mm 

c mm 

c mm 1 

c mm 


1 

1 1 

1 8 

2 1 

1 3 

1 2 

16 d culture 

1 






2 d starvation 

1 

0 6 

1 S 

2 4 

0 9 

0 5 

16 d culture 





1 


2 d starvation 

i 

1 0 

1 2 

1 6 

0 9 

0 7 

IS d culture 

2 

1 8 

2 4 

3 3 

1 8 

1 

1 5 

2 d starvation 



Growth on a 

modified Long s medium* 

1 



None 

Profuse 

None 

Slight 

1 

None 1 



* The foodstuff it the head of the column was substituted for the glycerol of Tseng’s 
medium 


In saline solutions buffered with phosphate mixtures the oxygen consumption 
for short periods w'as much the same over a range extendmg from pH 1 5 to 12 0 


TABLE 2 

The infliiaice of Indrogeu ion concentration on respiration of the tubercle bacillus — II 37 


Duration 

Ox>’gcn consumption per moist milbgram 

Remarks — phosphate 
buffers ii/150 

PHIJ 

pH 5 6 

pH 7 4 

pH 8 8 

pH 12 0 

hours 

c mm 


c mm 

HQm 

c mm 


1 

1 0 


1 1 


1 2 

16 d culture 







3 d starvation 

1 

1 

1 3 

1 6 

1 6 


1 5 

10 d culture 

2 

2 3 

3 3 

2 8 


2 8 


3 

3 3 

5 1 

4 4 

4 0 

4 3 


1 


1 7 

1 ^8 

1 


10 d culture 
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Tht Chmtcal Alctabolum of Aomw/ and Dtsaucd Lvmph Nodes By Henry 
Jackson Jr , and (by invitabon) Frederic Parker Jr., and E C Glover, 
Boston, Mass 

For years there has been much discussion as to the nature of those diseases 
which may be classified under the general heading malignant lymphoma or lym 
phoblastoma Some pathologists hold that they ore true malignant processes, 
while others maintain that the> are infeebous or granulomatous In nature War 
burg has shown that with certom exceptions malignant disease tissue has a char- 
acteristic metabolism In brief neoplasms use but httle oxygen but consume 
large quantities of sugar under both aerobic and anaerobic conditions, whereas 
normal organs destroy but little sugar either m the presence or absence of oxygen 
and embryome material destro> s but little sugar under aerobic but large amounts 
under anaerobic conditions 

We have examined the metabolism of twcnt> two malignant l>Tnphoraa3 and 
compared these with the metabolism of normal and tuberculous nodes and with 
nodes containing metastatic maJignonc) We have also mcluded determinations 
on several benign tumors 

Our findings may be suramarued as folloivs 


Atcraie ghxol^iJs 
(MiUjgnuus per mliljgmn hour) 



Aerobic 

Aaierobk 

horraal nodes 

0 020 

0 035 

Lymphomata 

0 050 

0 075 

Tubcrculoiii 

0 075 

0 106 

Carcinoma 

0 no 

0 134 


Exirema of glycolysis 


(MUUgnms per rolUignim hour) 



Aerobic 

\Qfcefobtc 

Normal nodes 

0 00-0 05 j 

0 01-0 075 

Lymphomata 

0 02-0 10 ' 

0 04-0 140 

Tuberculosis 

0 05-0 13 ' 

0 08-0 19 

Cardnomo 

0 07-0 17 

0 09-0 23 


In order to overcome certain exceptions and difficulties Warburg mtroduced a 
value ‘ U' which w'as the anaerobic gl>colj’Sis less twice the ox3’gen consumption 
This value he found to be negatix e for normal, zero for embiyonic and a high posi 
live for cancerous tissues 







510 


PROCEEDINGS OE TWENTY-FIRST ANNUAL MEETING 


Calculating this figure from our data vre fin d 


Value for “V" 


Benign tumors 

2 1 

Normal nodes 

4 3 

Lymphomata 

10 0 

Tuberculosis 

10 2 

Carcinoma 

28 7 


It IS d i fficult to draw definite conclusions from these data at the present time 
More work is bemg done and the data elaborated For the present we would 
point out 

1 There is considerable overlappmg of the various classifications By meta- 
bohc figures alone the tissue cannot be surely classified The value U is more 
consistent 

2 From the value TJ one would place the malignant lymphomata among the 
granulomatous rather than the neoplastic diseases 

3 Further study is bemg made of the relation of the metabohc changes to the 
particular ceU mvolved. 

The Effect of Iron on Blood Formation as Infiitewed by Changing the Acidity of the 
Gastric Contents in Certain Cases of Anemia By Stacy R Mettier, (by 
mvitation) and George R Minot, Boston, Mass 

The oral administration of iron produces m certam cases of "secondary” anenua 
a response of the reticulocytes The anemia m the 4 cases reported upon was 
assoaated with defective diets and disorders of digestion or chrome blood loss 
In these cases when the gastric contents was made neutral m reaction, the feedmg 
of a given daily amount (0 08 to 0 32 gram) of iron produced a response of reticu- 
locytes Soon afterwards, however, when the same dose of iron was mamtamed, 
a second and greater response of these cells occnirred after the gastne contents was 
rendered acid 

In the same case two distmct responses of the reticulocytes withm a short period 
' of tune may be mterpreted to mchcate that the cause of the second response is 
more potent than that produemg the first Furthermore, durmg a third penod 
when the amount of iron was mcreased four fold or more m these cases, there 
developed a thud response of the reticulocytes This mchcated that uon was the 
essential factor m produemg the response, modified by changes m the aachty of 
the gastric contents, and is distmct evidence that large doses of uon may be much 
more effective than relatively small ones The patients with great rapichty m- 
creased to normal the concentration of theu hemoglobm and red blood corpuscles 

Urobilinogen Excretion in Addison’s “Pernicious’’ Anemia Before and After Liver 
Therapy By Duncan Graham and (by mvitation) Ray Farquharson, 
Henry Borsook, and A M Gouiding, Toronto 

In Addison’s “pemiaous” anemia m state of relapse with anemia the urobdino' 
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gen excretion is greatly increased and may be several times the normal value 
this 18 usually associated with a high bilirubin content of the blood plasma 
Following liver therapy and beginning about the peak of the reticulocyte response 
there is always a sharp decrease in urobilinogen excretion which falls in a few days 
to a pomt withm normal limits In severe cases the amount of urobilinogen 
excreted per day is equivalent to 9 to 12 grams of hemoglobin and m one case it 
amounted to onc-eighth of the total blood hemoglobin of the body 

In tome cases of Addison s '‘permaous" anemia showing little anemia but pre- 
senting other manifestation of the disease such as subacute combined degenera 
tion of the cord, the blood bilirubin Is usually normal but the urobihnogen excre 
tion is increased somewhat above a bigh normal value- On liver therapy such 
cases show a low reticuloQde repose and the urobilinogen excretion falls slowU 
and gradually to withm normal limits 

These observations on urobfllnogcn excretmn in cases of Addison's “pernicious” 
flnPTnin go to show (l) that In the state of relapse there is a markedly mcrcascd 
blood destruction, (2) that adequate Uver treatment controls this destruction, 
(3) that the rapid fall In urobUinogen excretion, beginning dunng the reticulocyte 
response, suggests that the abnormal red blood corpuscles present m a relapse arc 
the ones chiefly affected m the stage of increased blood destruction 


Some Effects of 4<ircrt<3hH on (he Heart with Espeaal Reference io Its Use -It a Test 
for Angina Becions By S A Levine, and (by invitation) A C Eiinstenb 
and B hi Jacobson Boston, Mass 

Observations by one of us (S A- L ) on a patient with bronchial asthma and 
angma pectons m whom on attack of angina was precipitated by a therapeutic 
dose of eplnephnne gave rise to the idea that possibly epmephnne could be em 
ployed as a diagnostic measure in patients in whom the diagnosis of angina pectoris 
was not certain* With this in mind, one cubic centimeter doses of a 1 1000 solu 
tion of epinephrine chloride have been given subcutaneously to eleven patients 
with angina pectons and m all but one a tyTiical anginal attack has been produced 
The smglc exception cannot, for various reasons, be accepted as a complete failure 
In some instances the pam was allowed to subside spontaneously, while In others 
It was brought to an end by nitro^y ccrinc or amyl nitnte Ten patients of the 
same age group as those with angina pectoris but without evidence of cardiac 
disease and ten normal y-oung adults have been tested similarly, and in no instance 
has angmal pam been produced 

Frequent blood pressure detenumations and electrocardiograms were taken m 
each experiment. It was originally hoped that distinctive changes might be found 
in the electrocardiograms of anginal patients as a result of the epmephnne, which 
might further ser\’e as a diagnostic aid In only one case, however, did any im 
porlant changes develop although eitrasystolcs were frequently noted There 
was nevertheless a strikmg difference in the response of the T wa\'c in the three 
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groups In the patients mth angina pectons, the T-wave invariably increased ir 
amplitude, while in the group of older controls there vas, as a rule, very littlr* 
change m amphtude, and m the young controls there was usually a deaded dimmu- 
tion in height of the T-wave This work mdicates that adrenalm may serve as 
a diagnostic test for angma pectoris Its use, however, vould need to be applied 
uith caution and discretion 

Emphyscjm Siinulaitng Cardiac Decompensation By W B Kountz (by minta 
tion) and H L Alexander, St Loms, Mo 
Sixty- three cases of advanced emphj'sema were studied In aU, there were 
dyspnea on exertion, and some cv'anosis, and m forty, dependent edema Direct 
exammation of the cardiovascular system showed no abnormahty exceptmg con- 
sistentl}’' mcreased venous pressure 

Autopsies were performed m nine cases Eight of these had had dependent 
edema No cardiac lesions appeared The right ventncular wall w'as not in- 
creased either m thickness or m weight 

Dyspnea m these cases is attributed to the consistently lowered vital capaaty, 
cyanosis, to deficient pulmonary ventilation The dependent edema is presumed 
to be caused mamly by mcreased venous pressure 

The rise m venous pressure in these cases was studied experimentally, and found 
to be due to two factors, mcreased mtrathoraac pressure and anoxemia 
An extensive emphysema m dogs was produced by msertmg an adjustable ball- 
valve m the trachea Durmg the development of the emphysema, periodic m- 
trathoracic and peripheral venous pressures were taken sunultaneously It was 
found that the venous pressure rises proportionately to the mcrease m intrathoracic 
pressure Dogs w ere rendered partially anoxemic and a rise m venous pressure in 
proportion to the degree of the oxj^gen unsaturation of the arterial blood was 
observed 

These observations tend to refute persistent statements that emphysema leads 
to right heart failure 

Chronic Infectious Non-Tuberculous Pulmonary Lesions of Childhood and Their 
Relation to Bronchiectasis By F Maurice McPhedran, Philadelphia, Pa 
A number of these lesions have been observed m children during the past six 
3'ears Some were seen shortly after an dlness severe enough to mitiate a lesion, 
many durmg recurnng attacks of pneumoma from which a persistmg infiltration 
results, others, without symptoms, were discovered by routme x-ray exammation 
The last usually sooner or later suffer characteristic bronchopneumomc exacerba- 
tions, which are roentgenographically recordable, sometimes produemg severe 
illness, sometimes accompanymg apparently trivial coryza 

The lesions predommate m the left lower lobe MTien early, whether right 
or left, thej^ are densest close to the heart Sjmchronized diastohc roentgeno- 
grams accuratety record shght lesions and elimmate misleadmg blurrmg due to 
systole 
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Early diagnosis and care is important to prevent advanced scarring and bron 
chiectasis 

Among 106 colored children occurred five cases, among 325 Italians 19, among 
341 other vrhite chfldren only 4 Five cases occurred In one famil> , three m each 
of two others In two additional fomflies each presenting two cases the fathers 
had suffered from clinical sinusitis for many years 

These lesions ore commonly diagnosed tuberculosis Differentiation presents 
few dilEcuIties 

No characteristic or predominating organism has been found Paranasal 
smusitis IS common 

Clinical and Expenmeftlal Slndttx of the Effect of Ergolamm on Ifelabolism and 
the Circulation By John B Yodmanb, M D , and (by invitation) W H 
Tmuble 

Ergotamine tartrate m doses of 0 5 mgm. subcutaneously caused a small drop 
In pulse rate and a small nse m diastolic pressure m normal human subjects under 
basal conditions No significant effect on metabolic rate or blood sugar was no 
need over penods up to three hours Severe muscle pains and soreness, nausea, 
headache and lassitude ^\crc common Atropuic in doses of 12 mgm subcutane 
ously prevented or abolished the drop in pulse rate Continued adminbtration of 
ergotamine in doses of 1 mgm by mouth, three times daily for a week had no 
aigmficant effect on metabolic rate Potlcnts with thyrotoxicosis showed in 
general similar results but the effect on pulse rate and blood pressure was much 
more marked 

Doses somewhat larger (0 105 to 03 mgm per animal), but smaller than those 
usually reported, were employed intra\*cnously m trained nnnarcotixed dogs In 
these animals under basal conditions ergotamine caused an immediate and marked 
fall in heart rate which was prevented or abolished by atropme No constant 
changes In oxygen consumption or blood sugar levels were observed over penods 
up to three hours In the doses used ergotamme failed to prevent or dimmish 
epmephrine hyperglycemia in these animals 

Observaitons on Changes vi Respiration and Circulation Occurring Coincidentally 
with Sensations of Faintness and Impending Syncope in Honnal Individuals 
By Isaac Stabs, Jb and (b) mvitatkm) Leon H Collins, Jr., Philadel 
phia Pa 

YTiile there has been much speculation concerning the physiology of s>Ticope 
(Gowers, Hcnng, etc), observations upon this condition have been limited to 
changes m pulse rate and blood pressure, dueflj after collapse (Cotton and Lewis) 
The opportunit> to extend these observations came during experiments design^ 
to determine the appUcabihty of the ethyl iodide cardiac output method (Starr 
and Gamble) to the problem of the effect of posture on blood flow The subjects, 
standing, inhaled cth>l iodide, blood being oblamed from a \'eln on the back of 
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one lisud i mm ersed, in wnter Et 45 C A grEphic record of respiration wes tuken 
from the spirometer, blood pressure and pulse rates were observed at frequent 
mtervals 

Fdur subjects experienced famtness and two collapsed The records show that 
the sensation of famtness was always accompamed by hyperventilation but was 
usually without significant change of pulse rate, blood pressure or cardiac output 
Symptoms of collapse were preceded by marked hyperventilation and accompamed 
by marked fall m pulse rate and blood pressure and apparent dimmution of venti- 
lation Alveolar COj was very low m two such cases, m one of which improvement 
followed rebreathing The cardiac output could not be detenruned at the Hme of 
collapse, it remamed unchanged or fell but little durmg the period precedmg 
Certam features of the physiological picture described low blood pressure 
without dimmution of cardiac ou4>ut have been produced m anesthetiaed cats 
(Dale and Evans) by hyperventilation by blowmg oS of COj, but no pronounced 
fall of heart rate occurred m these experiments Other features, hyperventilation 
and slow pulse regularly occur directly after the production of cerebral anemia in 
animals (L Hill, Pike, Schmidt, etc ), but a high rise of blood pressure usually 
occurred at this time In an occasional experiment m this laboratory, occlusion 
of the cerebral arteries of an anesthetized cat caused prolonged hyperventilation 
and an elevation of blood pressure lastmg only a few seconds followed by marked 
slowmg of the pulse rate with faU of blood pressure below the imbal level These 
results seem essentially similar to the phj^iological picture we observed m im- 
pendmg sjmeope m normal mdividuals 

The fact that the hyperventilation precedes the faU of blood pressure and pulse 
rate m our subjects is evidence agamst the conception (Lewis) that the primary 
cause of syncope is reflex vagus stimulation Our observations are consistent 
with the conception that syncope is caused by cerebral anerma secondary to failure 
of the penpheral circulation to adjust itself to the upnght position and so mamtam 
the blood supply to the bram 

Shn ReacHons of Pahenis and Normal Indtmduals (o Protein Extracts of Streptococci 
By CuTTORD L Derick, and (by mvitation) Maeshah N Fdeton, Boston, 
Mass 

Skm tests were carried out on 366 general hoqntal patients, 67 infants and 
children m a general medical ward and 51 patients with rheumatic fever or chorea 
m whom the disease was either active or early m the convalescent stage A group 
of apparently normal adults were similarly tested for comparison 

The purpose v as to determme what proportion of these mdmduals would show 
Am sensitiveness of the tubercuhn type to protem extracts of different varieties 
of streptococci Test matenals used were pure nitrogen-constant extracts from 
each of three types of streptococci — hemolytic, green-produemg, and mdifferent 
A similarly prepared extract from Baker’s yeast was used for control purposes 
Varymg amounts m normal salme solution vere mjected into the skm of the fore- 
arm AH readings were made at 24-bour mtervals for 2 or piore days 
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The analyzed results reveal that patients with certain diseases show a high 
madencc of positi\e reactions, that there seems to be a relationship between pre 
V 10 U 8 infections and skin sensitiveness, and that age, except in the very young, 
plays a minor if any r6le 

The presence of reaction is looked upon as indicating present or previous infec 
tion with streptococa and is not characteristic of any one disease 

Rate of Remoral of Bacima from the Blood tn Human Disease By Reuben 
Ottenbero, New York, N \ 

A technic has been developed by which simultaneous blood cultures are made 
from the two mtcmal jugular veins In alnus thrombosis there is usually a much 
larger number of colonies in one vem than In the other In 20 of the more recent 
cases a simultaneous blood culture was also made from an arm vein I wish at 
present to pomt out the very small number of colomes usually found In the arm 
vein as compared with that jugular vein which is draining the lesion most directl> 

Among 17 coses of otitic Infections suspected to be sinus thrombosis there were 
7 m which the colomes could be counted In every one of these the number of 
colonies in the arm blood was much smaller than in one or both jugulars Thus 


Colonus per cuhe cenUmeUr of blood 



1 

Jufiilir ' 

Left 1 
Jofolir 1 

Atmve^ 


Case 4 

122 

7 

6 

Left dnus thromboEis 

Case 25 

600 ' 

11 

1 

Right tintis thrombosis 

Case 32 

250 

240 ' 

1/3 

Right sinus thrombosis 


In two cases of ulcerative endocarditis the number of colomes found in the 
jugular veins and arm vem were approximatel> equal 

It 15 evident then that during circulation of blood through the lungs an enormous 
number of bacteria arc removed The number In the periphery represents onl> a 
small fraction of those which are constantly being fed into the blood stream 

White Blood Cells tn Medical Coudtiions Bj Paul Reznjkoef, New York, N \ 
The object of this studj was to determine vanations of the white blood cells 
and the m tensity and course of “the shift to the left” (the response of wung poU 
morphonudear cells) during the course of illness Total white cell and Schilling 
counts were performed on 177 patients on the medical wards. 

These mduded 78 patients suffering from pneumonia and 23 having some form 
of upper respirators infection Four tabulations were made (a) total white cell 
counts, {b) percentage of iwljmorphonudcars (c) percentage of all cells which arc 
>oung polymorphonudcars, (d) percentage of all poljmorphonudears which are 
>oung 

It was found that all patients suffering from acute Infections ha\c a shift to the 
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left regardless of their total white blood, total poljTnorphonuclear count or tem- 
perature The increase in the relative and absolute number of young polymorpho- 
nuclears vanes roughly with the intensity of the mfection The return of the 
shift to the right or failure to do so is the most accurate gauge of prognosis that 
can be obtained from blood studies 

Arthritic Pam tnRelabon to the Wcaiher ByL G Rowntree and (by mvitation) 
E B Rentscheer and F R Van Zant, Rochester, Mmn 

For a penod of a year we have studied the pam m a series of arthntic patients, 
377 m all We have found a striking relationship between the pam and the pres- 
ence ot storms about 90 per cent of the tune Between barometric pressure and 
pam we have found a relationship 93 per cent of the tune In 72 per cent there 
has been a duect relationship, and m 21 per cent a negative, or mverse relation- 
ship Sunshme seems to be another factor of considerable interest We have 
also studied a group of arthritic “weather prophets” and found that many of 
them can predict weather changes 12 to 24 hours m advance The hterature has 
been covered m connection with this subject, but bttle of an exact nature has been 
MUitten to date The possible relationship of the sympathetic nervous sj'stem 
to this phenomenon has been mtroduced through the discussion of a patient m 
whom removal of the second, third and fourth lumbar sympathetics was done ' 
This patient was suSenng from arthritis and had always noticed a relationship 
between storms and mcrease of her pam After the operation there was no such 
relationship m the lower extremities, while the upper extremities, which were also 
afflicted with arthritis, contmued to be affected by storms 

The Respiratory Quotient of the Obese During Reduction By H B McCluggage, 
and J M Strang, (by mvitation) and Frank A Evans, Pittsburgh, Pa 

Observations made on ten obese patients undergomg reduction by dietmg dur- 
mg an average period of fourteen weeks showed a basal R Q of less than 0 707 
m 35 per cent of 112 detennmations The average RQ before dietmg was 0 776 
for 8 subjects, the average R Q durmg the dietmg period was 0 728 Very low 
respiratory quotients appeared usually after tno veeks of dietmg Only one 
patient failed to go below 0 707 at some tune The average respiratory quotient 
reaches its lowest level durmg the thud month when 19 detennmations on 7 
patients averaged 0 701 

The lowest observed R Q 0 632, was obtamed at the eighth test on a patient 
on whom 6 of 13 tests ran low Another patient, on whom 13 of 26 detennmations 
were low, had values of 0 653, 0 650 and 0 657 on three successive weeks and a 
Tnimmnm of 0 640 The average of the lowest respiratory quotients observed on 
9 patients n as 0 661 

These very Ion respiratory quotients do not corre^ond to (1) the penods of 
most rapid v\ eight loss, or (2) the presence or absence of acetone bodies m the 
urme A large number of blood CO; combmmg pover determinations have fallen 
withm normal lunits 
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Otacnalwns Conccrmiig Inlracramal Cttailalton tit the Iluntan Subject 
Wn-UAJi G L'esnox, Boston, Mass 

The oi>gen and carbon dioxide content of arterial blood and of s-enous 1 
from the internal and external jUEular and the basilic t-cins nas measured 
number of paUents In these subjects, the gaseous content of blood frorr 
external ju^ar \-ein approached that of artenal blood In mnnv of the me 
uals there was a vnde discrcpancj between the gaseous content of blood Iron 
internal jugular and the hasihe \ eins The as-erage measurements for the r 
group, bonei'er were about the same 

In experiments conducted with Dr Soma W etss, it was obseri'ed that th 
travenous injection of histamine caused the x-enous blood from each of these 
xeins to become more arterial like Apparentlx cerebral vessels respond to 
stimulation m much the same wav as \essels of the sWin 

Tte Cerebral Ctreulalton \ The Acttoii o] Uistamtnc Bj H S Torbes 
H G I\ OUT (b) invitation) and Sianxes Cobb, Boston, Mass. 

Bj the method dc\ eloped bj one of us for observing the pial x-essels Ihroi 
window In the shull, studies hax’e been made of the effect of histamme oi 
cerebral circulation. It was observed that the vessels of the brain react to i 
venous injection of histamine m a veri different manner, depending on wh 
the animal 13 under ether or am\ tal anesthesia. Under ether the x-essels 0 
brain are alreadi dilated and so do not dilate to an> extent, if at all folic 
mtravenous injection of histamme On the contrat) thei often become nan 
and the cerebrospmal fluid pressure falls. 

Local application of histamine to the surface of the brain alwajs resul 
dilatntion of the pial \ esscis, without noUceabh affectmg intracranial or si-sl 
vascular pressures Intravenous injection of histamme (m animal s under ; 
tal) causes great pial arten dilatation m spite of a coincident fall m svst 
artenal pressure 

Sliidici in (fit fiialoiv and lodtiic Eeaclions cf Simple Goiter in Rabbits 
Batrca: Webster (b> mintation) and Aute. M Cdess-ey, Baltimore J! 
Further studies hai c been carried out to determme the etiologj of an epid 
of aunple goiter in rabbits Thes; suggest that the basic factor in this instai 
a dietan one The addition of 7 5 mgm. of ioduie per week to the goiter pre 
mg diet has been found sufiiaent to prevent the development of goiter Imj 
mg the samtarj conditions under which the animals were kept, by altenni 
manner of caging 50 as to reduce the fecal contammation of the food, was f 
to exert onlj slight protective action against the goiter producing mfluence 
Previoua studies have shown that the administration of iodine to goil 
rabbits 11 foUowed b> a marked increase m heat production Studies have 
made hi an effort to quantitate the production of thjuoid hormone against 8 
able iodine Rises m beat produebon were studied after the admimstrabi 
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left regardless of their total white blood, total polymorphonuclear count or tem- 
perature The mcrease m the relative and absolute number of young polymorpho- 
nuclears varies roughly with the mtensity of the infection ■■ The return of the 
shift to the right or failure to do so is the most accurate gauge of prognosis that 
can be obtamed from blood studies 

Arlhnhc Patn Rdahoit to the Weather By L G Roivjttree and (by invitation) 
E B Rentschxer and F R Van Zant, Rochester, Mmn 

For a penod of a year we have studied the pam m a series of arthritic patients, 
377 m all We have found a striLmg relationship between the pam and the pres- 
ence of storms about 90 per cent of the time Between barometric pressure and 
pam we have found a relationship 93 per cent of the time In 72 per cent there 
has been a direct relationship, and m 21 per cent a negative, or mverse relation- 
ship Sunshme seems to be another factor of considerable interest We have 
also studied a group of arthntic “weather prophets” and found that many of 
them can predict weather changes 12 to 24 hours m advance The hterature has 
been covered m connection with this subject, but little of an exact nature has been 
wTitten to date The possible relationship of the sympathetic nervous sj^stem 
to this phenomenon has been mtroduced through the discussion of a patient m 
whom removal of the second, third and fourth lumbar sympathetics was done ' 
This patient was suffenng from arthritis and had alw'ays noticed a relationship 
between storms and mcrease of her pam After the operation there was no such 
relationship m the lower extrenuties, while the upper extrermties, which were also 
afflicted with arthritis, contmued to be affected by storms 

The Respiratory Quotient of the Obese During Reduction By H B McCluggage, 
and J M Strang, (by mvitabon) and Frank A Evans, Pittsburgh, Pa 

Observations made on ten obese patients undergomg reduction by dietmg dur- 
mg an average penod of fourteen weeks showed a basal R Q of less than 0 707 
m 35 per cent of 112 determmations The average R Q before dietmg was 0 776 
for 8 subjects, the average R Q dunng the dietmg period was 0 728 Very low 
respiratory quotients appeared usually after two weeks of dietmg Only one 
patient failed to go below 0 707 at some time The average respiratory quotient 
reaches its lowest level durmg the thud month when 19 determmations on 7 
patients averaged 0 701 

The low est observed R Q 0 632, was obtamed at the eighth test on a patient 
on whom 6 of 13 tests ran low Another patient, on whom 13 of 26 determinations 
were low, had values of 0 653, 0 650 and 0 657 on three successive weeks and a 
Tnimmiim of 0 640 The average of the lowest respiratory quotients observed on 
9 patients w as 0 661 

These very low respuatoiw quotients do not correspond to (1) the penods of 
most rapid weight loss, or (2) the presence or absence of acetone bodies m the 
urme A large number of blood CCb combmmg pow er determmations have fallen 
mthm normal limits 
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or paroxysmal thnn that due to other causes One fourth of the cases in this 
series were of this type 

The cardiac manifestations of Graves’ disease nm> dominate the picture and 
obscure the underlying thyroid disorder, they may even antedate all other recog 
nixable signs of the Graves’ disease causing them 

Digitalis is leas effective than m fibrillatfon not due to Graves’ disease The 
amounts tolerated are larger, and the beneficial effects are less strikmg 

FoUov/lng successful treatment of the underlying Graves’ disease, recovery 
from fibrillation Is usually prompt and striking ResUtuUon of the heart to nor 
mal ifl often complete Qmnldlne is often very useful m restoring permanent 
normal rhythm 

Cardiac hypertrophy is seldom pronounced Enlargement, ^vhen present, is 
due chiefly to dilatation 

In some respects the cardiac disturbances of Graves’ disease resemble those of 
toxemia of acute infection 

Although it 13 difficult to estimate the relative importance of Tn^hampfil and 
tone factors, the infrequency of hypertrophy and the character of the disturbances 
suggest that the latter is of major importance 

A Cctttpijnion of (he Corojwry and DtgUaJis ETIotej An Ele^roccrdtographtc 
Study By W Hambtogee, Chicago, 111 

Inversion of the T wave of the human electrocardiogram, is one of the most 
frequent findings m clinical electrocardiography The two most frequent causes 
of T wave mversion are coronary disease and digitahmtiom T^ie character of 
mversion is different m these two conditions coronary mvcraion shows the typi 
cal cove shape (Pardee) digitalis mverswn appears as an immediate stra ight Ime 
depression of the R T interval A coronary-digitalis wave appears as a merging 
of the two Examples of these three t>'pe8 of inversion arc presented The clmi 
cal importance of recognition of these various tv^pes is emphasized 

Skill Tats nnth Pneumococcus and B influence tn Influenza andPneu 

moma By Allan K Poole, and John H Buhstead, (by invitation) and 
Franqs G Blake, >.ew Haven, Conn 

The study was undertaken with the purpose of detenmning the skin reactivity 
or allergy of patients with uncomplicated influenza and with pneumonia to anti- 
gens prepared from Pneumococcus Tj'pe I, Pneumococcus Type II and B tn 
jiuenzae Patients with influenza (23 cases) consistently showed m ti r kH reactivity 
to all three antigens m the acute febrile stage lessened reactivity during the first 
week of convalescence and m the majority no reacUvit> after the 20th day 
Patients with pneumonia (32 cases) showed a striking contrast, With one ex 
ception, a case of streptococcus pneumonia, no case reacted to the pneumococcus 
antigens during the acute stage, but those retested became reactive during con 
valesccncc Fortv per cent reacted to B influence antigen during the acute 
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smglp small doses of potassium iodide to animals mwliicli the degree of hyperplasia 
of the thyroid gland had been previously determmed by biopsy The increase 
m heat production appeared to vary directly with the amount of lodme exhibited, 
as did also the extent of mvolubon of the gland This relationship apparently held 
true until mvolution was complete 

The Effect of Liver and of Liver Extract upon Appetite By A C Curtis (by mvi- 
tation) and L H Newburgh, Ann Arbor, Mich 
The addition of 2 per centprotem as dried ether extracted liver to a basic rat 
diet contaimng 2 per cent vitamme B powder (Hams) causes greater energv m- 
gestion and better growth than does the addition to this diet of 2 per cent protein 
m the form of casern 

If vitamme B powder is omitted from both diets, greater loss of appetite and 
weight occurs m the group of rats eatmg the basic diet containing 2 per cent pro- 
tem m the form of casern All animals of both groups develop polyneuntis 
The addition of 2 per cent liver extract (Lilly) to the basic rat diet plus one yeast 
vitamme powder tablet daily (Hams) causes much greater mgestion of energy 
and much better growth than w as observed when 2 per cent dried ether extracted 
liver protem or casern protem was added to the basic rat diet 

When the basic diet, contaimng added bver extract (Lilly), ether extracted liver 
protem, or casern protem, is supplemented by suffiaent yeast vitamme powdeV 
(Hams), energy mgestion and growth are equal 
If basic rat diets, contammg autoclaved ether extracted bver and Uver extract, 
are fed without yeast vitamme powder, polyneuntis develops m all experimental 
animals 

WTien 2 per cent liver extract (LiUy) is added to the basic diet, which contains 
no other source of vitamme B, growth and energy mgestion are approximately nor- 
mal The replacement of bver extract by equal amounts of yeast vita mm e powder 
(Hams) causes less growth and less energy mgestion 

A patient with permcious anemia was fed 24 grams of autoclaved bver extract 
(Lilly) daily for 6 days and did not experience a rise m reticulated cells or red 
cells At the end of this penod 24 grains of unaltered bver extract (Lilly) was 
fed daily -with a reticulated ceU rise and red cell rise occurrmg m the usual time 

1 The factor m bver that effects appetite is, seemmgly, that fraction of vita- 
mme B 

2 Liver extract (LiUy) appears to contam the appetite factor of vitamme B in 
concentrated form 

Auricular Fibrillation in Graves’ Disease By Paul S Barker, and Ann Bohn- 
ING (by mvitation) and Frank N Wilson, Ann Arbor, Mich 
A study of 107 unselected cases of auricular fibrillation due to Graves’ disease, 
and observed from 1923 to 1927, leads to the followung conclusions 

The auricular fibrillation due to Graves’ disease is more likely to be transient 
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percentage than normal of abnormal sized red blood cells m the peripheral 
blood of patients having carcinoma of the breast or prostate, and with anormal blood 
count suggests thepoRsibUityofbonc marrow metastasis Aneimafromother causes 
must be eliminated when the red blood cell count is lower than normal before the 
abnormal sized cells can be considered os suggestive of bone metastasis, although 
cells larger than normal are of greater significance 

A Compunson of 1 olume Index and Diameier of iht Red Cells tn Di^ereni Types of 
Anomta B> Russell L Haden, Kansas Cit\, Kans 
Accurate knowledge of the size of the red cells is of fundamental importance 
m the study of the anemias The size of the average cell ma> be detennmed from 
the volume index which gives the volume of the average cell The size may also 
be determmed by measuring the diameter of a representative group of cells 
Fifty cases each of permaous anemia and of sccondarv anemia have been studied 
by these two methods The data obtained and the advantages and disadvantages 
of the two methods ore discussed 

The Measuremetil of Temptraiurex in the Bladder, Cemx and Rectum of Ratienls 
Receiving Diathermy Treatment of the ReJm By F W Bishop and E K 
RrranE, (by itatron) and S L Wakpzn, Rochester, N Y 
The pelvis was treated by possmg a high freqncnc) or diathermy current be- 
tween a speculum m the i agina and a sacral plate. 

Temperatures were measured by thermocouples placed m the cervix, bladder, 
rectum and elsewhere 

When the high frequency is turned on, all of the regions measured showed a 
simultaneous nsc In temperature to a plateau which was mauitained whDc the 
current was applied On turning off the current there was a similar drop in the 
temperatures to the ongmal value Each state of equilibnum was reached in 
about five minutes 

With currents of from 1800 to 2400 milliampcres in average patients, local tern 
peratures as high as 44°C were measured and maintained at this level during 
treatment The temperatures in the rectum cemx and bladder were v^erj nearly 
the same Individual patients veined considerably in the amount of increase in 
temperature foimd the average attamed being around 42®C Bodv temperature 
(mouth) was deviated onl> 0,5® to I 0®C Blood pressure was unaffected 

The Question of Arsphaiamttie Resistant S^phllls B> Joseph Earle Moore, 
and (by mvitaiion) Harry AI Robinson, Baltimore, iild, 

A survey of the literature indicates that m German) and perhaps elsewhere m 
Europe, earl> sv-phills reacts to arsphcnamine treatment less favorabl> now than 
in the yezn before the ar in the sense that secondary relapses are more frequent, 
the blood "W ossermann is not so rapidij reduced to negative, and an increasmg 
number of patients whose lesions fail to heal under orsphenamine treatment arc 
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Stage Those retested in convalescence retained or developed reactivity In 
brief, patients with influenza appear to show heightened reactivitv to bactenal 
antigens durmg the acute stage and tend to lose this after recovery, patients with 
pneumonia show httle reactivity durmg the acute stage and tend to become more 
reactive after recovery The mterpretation awaits further studies now being 
earned on 

Venous Pressure in General Anaesthesia By 0 0 jSIever (by mvitation) and 
AVm S hliDDLETON, Madison, Wis 

Fortj^-two mdividuals under general anaesthesia have been studied with a view 
to determmmg the influence of such agents The results may be summarized as 
follows 

1 Comcident with the mcreased muscular eSort and altered respiratory func- 
tion of the mduction penod, pronounced mcreases m venous pressure are noted 

2 Thereafter a subsidence occurs to a plateau of venous pressure somewhat 
elevated above the normal, which is mamtamed throughout the mamtenance of 
anaesthesia 

3 Alterations m this plateau apparently depend upon reflex stimuh, usuallj-^ m 
a penod of hghtened anaesthesu 

4 Elevations in venous pressure occur on release from anaesthesia dependent 
upon such acts as retchmg, vomitmg, etc 

5 Carbon dioxide inhalations operate apparently mdependently to mcrease 
venous pressure 

These resultp are not mterpreted as bearing a causal relation to the circulatory 
accidents of general anaesthesia and surgical operation Indeed, the demands of 
ordmary hfe with its occasional calls for sharp elevation m venous pressure, as in 
the act of defecation, may lead to much greater stram on the nght heart than has 
been noted m these venous pressure determinations under properlv admmistered 
general anaesthetics 

Red Blood Cell Measurements in the Diagnosis oj Metastatic Cancer in the Bone 
Marrow By Rapbael Isaacs and (by mvitation) IMadelaine R Brown, 
Ann Arbor, Mich 

In patients with caremoma with metastasis to the bone marrow, red blood 
cells smaller or larger than normal appear m greater frequency m the blood stream 
than m normal persons Seven out of thuteen patients showed a dispropor- 
tionate percentage of cells larger than normal and all of them showed a relative 
mcrease m the percentage of cells smaller than normal at some stage m then 
disease In no case did the degree of microcytosis approach that of the blood 
after hemorrhage or in secondary anemia from other cause With the present 
data no evident correlation between the degree of vanation m the size of the 
cells and the extent of the metastasis, can be made, due, probably, to the difliculty 
m judgmg the true degree of the marrovi mvolvement The presence of a relatively 
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higher percentage than nonna] of abnormal aired red blood cella m the pcnpberal 
blood of patients having caremoma of the breast or prostate, and ivith anorrnal blood 
count suggests thepossibihtyofbonemarrou'tMtastasis Anemiafromothercaufies 
must be ebminated when the red blood cell count is lower than normal before the 
abnormal sired cells can be considered as suggestive of bone metastasis although 
cells larger than normal are of greater significance 

A CofJtporuon oj 1 (^ume Index and iHamcter of ike Red CdU xn Dxferent Tyi>es of 
\ncma Russeix L Kansas City, Kans 

Accurate knowledge of the sire of the red cells is of fundamental importance 
in the study of the anemias The size of the average cell may be determined from 
the \'olunie index which gives the volume of the average cell The size maj 
be determined by measuring the diameter of a representative group of cells. 
Fiftj cases each of pcmlaous anemia and of secondan anemia have been studied 
by these two methods The data obtained and the advantages and disadvantages 
of the two methods are discussed 

The ileasxiremeni of Teinperainres tn Pie Bladder^ Cents and Redtm of Fattenls 
Receivtn% Diathermy Treatment of the Pelvts By F \\ Bisnop and E K 
RrrcsiE, (b\ invitation) and S L Wakrev, Rochester N Y 
The pelvis ^as treated by passing a high frcquenc} or diathermy current be 
tween a ^culum in the vaguia and a sacral plate 
Temperatures were measured b> thermocouples placed in the cervix, bladder, 
rectum and else v bare 

BTicn the high frequency is turned on, all of the regions measured showed a 
mnoltaneous nse in temperature to a plateau uhleh v-as maintained nhfle the 
current was applied On turning off the current there was a suruiar drop m the 
temperatures to the ongmal value. Each state of eqmhbnum was reached m 
about five mmutes 

AVith currents of from 1800 to 2400 mflliampcres m average patients, local tem 
peratures as high as 44'’C were measured and maintained at this level during 
tmlment The temperatures in the tectum cervu and bladder were letj nearlj 
the Individual patients vaned considerably in the amount of increase in 

tciDpmture found, the average attained bemg around 42°C Body temperature 
(mouth) was elei-ated onlj 0 5° to 1 (FC Blood pressure was unaffected 

Tk Qsahon of Arsp/ienamtne Reststani S^pkllts By Joseph 
and (bvmvitalion) Hawii W Robiksov, Baltimbrc AM 
Anirve> of the literature indicates that m C 
Europe, earl> sj-phUis reacts to arsphenamme tre-i 
® lie years before the AA ar, in the sense that av. v 
lieUood AVassermann is not so rapidly reduced 
ttoher of patienfa who^ lesions fad to heal 
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appearing It seems probable that this situation is due less to any decrease m 
the therapeutic activity of arsphenamine, or to the development of so-called 
arsphenamme-fast strams of spirochetes, than to the reaction of the mdividual 
patient to treatment Composite Wassermann curves of 1116 patients vith early 
syphilis studied from 1914 to 1927 m the Syphihs Chmc of lie Johns Hopkms 
Hospital show that there is no significant difference m serologic results m recent 
as compared with earher years Relapses of a secondary t 3 T)e are, m ourmatenal, 
no more frequent m 1925-1927 than in 1914-1923 True arsphenamme-resistant 
syphdis IS not mcreasmg in this locahty Patients with lessened resistance to 
syphihtic infection as measured by the standards of “seronegative early secondary 
syphdis” or “premature Wassermann negativity” are no more frequent m our 
material now than m earher years There is no evidence to mdicate that, m 
this part of the United States, arsphenamme is less efficaaous than formerly m 
the treatment of syphdis, or that arsphenamme resistant syphihs is mcreasmg 
Certam general aspects of the phenomenon of arsphenamme-resistance are dis- 
cussed 

The Relation of Recovery and Development of Humoral Immunity in Pneumococcus 
Pneumonia m Children By C O’Donovan, Jr , (by mvitation) and Jaites 
D Trask, New Haven, Conn 

In fixed tjqie pneumococcus pneumonia m adults recovery has been shown to 
be associated with the development of type specific humoral antibodies 

Chddren are supposed to recover from this disease more regularly than adults 
Accordmgly a study was made of the development of type specific agglutmms m 
the blood serum of 19 chddren with the disease There were 12 Type I, 2 Type 
n and 5 Type HI cases, all recovered Hon ever the development of specific 
antibodies nas found to be significantly less marked than has been reported for 
adults 

The Tissue Transfer MetJwd of Determining Cure of Syphilis in Man By Hugh 
J Morgan and (by mvitation) James L Auloway, Nashvdle, Tenn 
Bronm and Pearce have demonstrated the frequency with which treponemas 
localize m the Ijmiph nodes of mfected rabbits and remain there long after the 
acute stage of the infection has passed This lymph node reservoir for treponemas 
IS used by n orkers m experimental syphihs as a means for recovering organisms 
from animals without active lesions This may be readdy done by emulsrfymg a 
lymph node and mjectmg it mto the testicle of a normal rabbit An acute orchitis 
develops m the moculated a nimal or m subsequent transfers After treatment of 
experimental syphihs m the rabbit, fadure to recover organisms by this method 
has been mterpreted as an mdication of cure 

In 1927 Chesney and Kemp stimulated mterest m the possibdity that the tissue 
transfer method of determmmg cure of experimental S3qihditic infection might be 
apphcable to ^TihiLis m man Thei applied the method to three patients and 
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’were unable to recover treponemas from lymph nodes after suitable treatmenL 
This -work raised the very important question as to whether or not these negative 
results Indicate biological cure 

In order to throw some light on this subject we have undertaken a study of the 
recoverabUity of treponemas from lymph nodes of untreated patients in different 
stages of the disease It was felt that in untreated cases of syphiUa, os In the 
experimental disease, treponemas could alw'ays be recovered from lymph nodes, 
then the positive or negative findmgs after treatment would be of great significance 
and might be used as criteria of cure 

In all instances enlarged lymph nodes (mgumal, epltrochlear or cervical) were 
removed under novocainc anesthesia, Immediately cut mto small bits and ground 
In a mortar with a small amount of warm saline solution The resulting emulsion 
was Injected In equal amounts Into the right testicles of two normal rabbits The 
anunals were kept under constant observatiom Dark field examinations were 
mode with specimens from oU visible or palpable scrotal or testicular lesions and 
with all subsequent testicular emulsions used for transfers Animals which de- 
veloped no lesions at the end of nmety days were sacrificed and the ri^t testicle 
of each was removed, emulsified, exammed by dark field and Injected Intratcsticu 
larly into two normal rabbits No tissue transfer experiment was declared nega 
tive until transfers had thus been made through two sets of rabbits. 

Our findmgs are suramari«d m the following table 


TABLE 1 

Tbt rtcovtry of trtponmai from lymph nodes in untreated syphilis {tissue transfer method) 


HUtory Dumber I 

QhUcml dloCDOvU 1 

7lcso« ixuxstct 

11238 

Primary syphilis 

Positive 


11806 

Primary sjphilis ' 

rositi\e 


11405 

Secondary sjphilis (late) 


Negntive 

9655 

Latent syphilis 


Ncgati\e 

11569 

1 Latent syphilis (oongemtal?) 


Ncgati\t 

11890 

Tertiary syphilis (leg ulcers) 


Negative 

12227 

Tertiary syphilis (skin recurrcucc) 

Positive 


10987 

1 Tertiary syphilis (gumma of knecX 


Negative 

10S29 

1 Neurosyph^ (tabes dors^) 


1 Negative 


We conclude from this study that the tissue (lymph node) transfer method of 
determining the presence or absence of syphUitic virus in eiq>enmental infection 
does not invariablv give positive results when apphed to patients with proven un 
treated syphilis Therefore, m human ^Tihilis the method is unreliable In a 
given case negatiic results before any treatment is instituted is of no diagnostic 
rignifiennee. After treatment is mstltulcd negative results cannot be Interpreted 
as indicating biologic cure It is suggested that this discrepancy m results with 
the tissue transfer method m human and experimental syphilis is probably due to 
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the fact that in the latter the virus is usually one thoroughly adapted to the rabbit 
by previous animal passage Dosage also is probably important and this factor 
IS now bemg studied by us 

Observahons on the A-pparcnt, Adaptability of the Body to Infection, Unusual Hard- 
ships, Changing Environment and Prolonged Strenuous Exertion By Burgess 
Gordon and (by mvitabon) John C Baker, Philadelphia, Pa 
Competitors m a transcontmental foot race (March, Apnl and May, 1928) 
who walked or ran 3482 rmles m 84 consecutive days were studied before, dunng 
and after the contest In histones obtained from 174 contestants a wide varia- 
tion m age, physical condition, prelimmary training and diet was noted Infec- 
tions, mjunes and e^enences common m frontier life of 75 years ago occurred 
dunng the race The chief causes for withdrawal from the contest were so-called 
“shm splmts,” resultmg from myositis and penostibs Vanous fads and fanaes 
in diet were advocated by the runners at the beginning of the race As the contest 
progressed, however, meat and certam vegetables could not be supphed as de- 
sired Carboh>drate became the predommant food Several competitors con- 
sumed no meat dunng the entire race and others none after the first 500 miles 
It was noted that carbohydrate m the form of oranges, dates, figs, honey, dextrose 
and cake between meals was taken by most runners after the first few hundred 
miles, apparently m order to reheve hunger and fatigue 

Observations made after the race, which mcluded microscopic and chemical 
studies of the blood and unne, roentgenographic, electrocardiographic, ophthal- 
moscopic, orthopedic and laryngeal exammations were essentially negative as 
would be expected from a group of apparently normal mdividuals who had follow ed 
less strenuous forms of exercise Correspondence durmg the past eight months 
shows that 84 contestants have suffered no apparent untoward effects 

In considermg the condition of the runners at different penods dunng the race 
It would appear that it is extremely difficult to estimate the potential endurance of 
an mdi\udual or to predict the degree of resistance to infection 

A Clinical Metabolic Study of “Obstinate” Cases of Obesity By Solomon Strouse 
and (b> mvitation) C C ^ang, Chicago, 111 
This work was undertaken on patients who had resisted supposed strict dietary 
procedures at home They were then established m the metabohc cbnic at the 
hospital and placed under complete control A noticeable contrast was shown 
and the patients could be made to lose weight mp,thematically according to 
schedule 

The Clinical Interpretation of Diabetes By John R Wjxliaiis, Rochester, N Y 
The following is an abstract of a study of upwards of five hundred diabetics 
with reference to a better means of control and mterpretation It is commonly 
behei ed that insulm causes the bunung or utilization of 1 5 to 2 grams of glucose 
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per unit For the past six j^ars the writer has codperated with the Eh Lill> 
Company in the dimcnl testing of insulm In this worL one patient, uhose metab 
oUsm is fairU constant, and who is highly trained has been used os a test case 
The results obtained have been carefully checked and have mvanablj corre 
sponded dosel> with thfe assays of the Lill> Corapan> The work which will be 
reported in a later commumcalion indicates that one unit of insulm causes the 
utilizalion of approioinatelj 4 grams of glucose rather than 2 grams as is commonh 
assumed 

The diet of normal mdividuab contams from 300 to 800 grams of glucose form 
mg food One unit of insulin will bum appronmatel\ 4 grams of glucose The 
normal pancreas makes from 75 to 200 or more umts of insulm dallj according to 
the food mtoke of the individual When the pancreas fails to make sufEaent 
insulm to care for the glucose content of the diet diabetes results That portion 
of the glucose which is not utilised and which exceeds the storage capadty of the 
bod> will be eliminated as unne sugar The difference between the amount of 
glucose Ingested and that excreted m the urine is the glucose utilization of the 
patient The glucose utilization factor m a well treated case of diabetes is fairl> 
constant and may be increased by the admmistrallon of insuhn In cither a 
normal individual or a diabetic the number of grains of glucose utilized, divided 
by four, wall give the number of umts of msuhn made b\ the individual This 
figure hereafter designated as the insulm coeffiaent is a fairly constant factor in 
the diabetic. Example — The diet contams 100 grams of glucose, 20 grains arc 
eliminated m the unne, therefore 80 grams arc utilized The pancreas makes 20 
umts of insulin 

To determine the coeffiaent of a patient taking Insulin, the number of units 
admmistered must be subtracted from the total number of units required for the 
utilization of the food Thus m the abo\e case if the patient were receiving 8 units 
daily his coefficient would be 20 mmus 8 or 12 Written IC 12 The insulm 
coefficient is a fairly constant factor and changes slowl> with improvement or 
dedme It is not matenaU> affected b\ occasional violations m diet even m the 
presence of large amounts of unne sugar and high blood sugar levels, nor is it 
influenced b> insulm administration 

A severe diabetic is one whose Insulm coefficient ranges below 20, raodcratch 
severe cases range from 20 to 35 mild coses from 35 to 75 A diabetic may have 
a minus coeffiaent Example The diet contains 100 grams of glucose, the unne 
20 grams of sugar 30 units of insulin are being administered daiU Insulm co 
efficient is -10 There arc several explanations for this minus coeffiaent (a) 
The insulm may be administered m too large a dose, m excess of the bodi require 
ments at a given time and is climmated in the unne, without scrwing anj useful 
purpose, or (6) an mfection or some other unsuspected disease may be present 
which destro>‘s insulm, or (c) there ma> be an error in insulm admmistraUon or 
(d) in diet The insulm coeffiaent is a more \Tiluable guide to the progress of an 
infection in diabetes than is the temperature curve or the Icucocvie count It has 
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great prognostic value It affords a most reliable check on the mtegrity of the 
patient vho violates his diet or insulin dosage j It is by far the best method of 
measurmg the progress of a case and the effiaenq^ of the treatment A patient 
who can raise his coefhaent from 5 to 10 units in a year is makmg satisfactory 
progress 

In makmg tests to determine the msulm coeffiaent, the patient should be tlior- 
oughly instructed as to its significance and the necessity for exact cooperation 
The diet should be constant for at least three days if possible The urme should 
be saved and measured with care Urme sugars should be accurately determined 
A slowly rismg midmommg blood sugar mdicates that the patient is gradually 
exceedmg his capaaty to utilize glucose The msulm ^coefficient is a far better 
method of differentiatmg spunous diabetes and renal diibetes from true diabetes 
than is the so-caUed glucose tolerance test A glucose tolerance test is about as 
useful and rehable a method of determmmg the efficiency of the pancreas as is the 
“hundred yard dash m eleven seconds” a measure of the physical ability of an mdi- 
vidual to walk five mdes at a leisurely gait J 

At the present time there is no clmical method m use winch enables clmicians 
m one community to compare the effiaency of their methods with the clmicians 
of another commumty Likewise there is no clmical method'hi use which enables 
physicians to accurately contrast or evaluate different therapeutic measures 
The msulm coefficient method meets these requ rements , 

j 

Paroxysmal Bundle Branch Block By Benjamin M Baker (tfy mvitation) and 
Edivard P Carter, Baltunore, Md ^ 

An example of paroxysmal bundle branch block wiU be presentei The patient, 
when first seen, showed paroxysmal auricular fibrillation and pard’^smal bundle 
branch block It was noted that durmg the periods of delay m mtravenlncular 
conduction the cardiac rate was above 85 to the mmute When the rate fell below 
this figure normal sequential rhiThm with normal mtraventncula'" conduction 
occurred 

Under rest and the administration of digitahs normal sequential rhythm with 
normal mtraventricular conduction was established which constantly' altered to 
bundle branch block when the cardiac rate was appropnately mcreased by various 
measures, thus mdicatmg that, at least, one control of the spread of the excitation 
wave was the auncular rate Delay m mtraventricular conduction occurred both 
wath and without fibrdlation of the auricles / 

Several galvanometnc records will be shown portraymg m a smgle lead' transi- 
tion from normal sequential rhythm w’lth normal mtraventricular conduction to 
bundle branch block 

Studies are now m progress to determine the part played by anoxemia inmtra- 
ventncular conduction 



THE INELTJENCE OF THE SYMPATHETIC NERVOUS 
SYSTEM ON THE CAPrLLARTES DURING PASSIVE 
CONGESTION 


By J HAJULTON CRAWFORD 

(From the Dt^rtmmU of Pkytiology and ifedtctne^ Lent Island Colusa Sosfslal) 
(Received for publication April 8 1929) 

With the discovery of vasomotor nerves by Claude Bernard the 
importance of the autonomic nervous system m arculatorv regulation 
came to be recognized The action of the sympathetic nerves on the 
artenes and arterioles was defimtely established but it has taken many 
years for any action by them on the capillaries to become accepted 
Indeed the capillaries were considered merely passive endothelial 
tubes whose vanation depended on changes which took place in the 
other parts of the vascular system In 1860 Beale (1) desenbed 
nerves accompanymg the capillaries and Glaser (2) considered these 
to be sympathetic nerves The connection of these nerVes to the 
vessel wall, however, stiU remains uncertam Among the early 
papers Stemach and Kahn (3) presented the most positive evidence 
that nerve stimulation could influence the capillaries mdependent of 
its action on other vessels They showed that stimulation of the 
third, fourth and fifth thoraac nerve roots at their exit from the cord 
produced emptymg of the capillaries in the metatmg membrane of 
the frog when the arculation was at a standstill Krogh, Harrop 
and Rehberg (4) confirmed this by stimuiatmg the lower ganglia 
(8-10) of the sympathetic in the frog while studymg the vessels in 
the web under the microscope They found that the artenoles con- 
tracted first and a few seconds later the capillaries contracted mde- 
pendently The first evidence of capillary contraction following 
nerve stimulation m mammals was presented by Hooker (5), who 
stimulated the cervical sympathetic in the cat while he watched the 
capiUanes m the depilated ear under the microscope He obsen ed a 
contracbon of the capiUanes independent of that of the artenoles 
The most conclusive evidence of the independent contractility of the 
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capillaries following nerve stimulation is tliat brought forward recently 
by Hams and Marvin (6) They studied the effect of stimulation 
of the cervical sympathetic on the vessels in the ear of the albino 
rabbit They were able to confirm Hooker’s observations but they 
also showed that stimulation of the sympathetic caused emptying of 
the capUlanes when the arculation was brought to a standstill by 
obstructmg the artenal supply Under the conditions of their 
experiment the effect of contraction of the artenoles or venules on the 
size of the capillaries would obviously have been to distend them, and 
not to cause them to disappear As the result of the mvestigations 
descnbed there can be httle doubt that the sympathetic nervous 
system can cause contraction of the capillanes mdependent of its 
action on the other parts of the vascular system 
The evidence for a supply of vasodilator nerves to the capillaries is 
much less certam Doi (7), Klrogh, Harrop and Rehberg (4) and 
Langley (8) (9) have studied this problem and believe that such 
exist They all used frogs, except Langley who used the cat’s paw, 
and found that penpheral stimulation of posterior root gangha or 
sensory nerves produced vasodilation They endeavored to rule out 
the action on the artenoles by vanous means, Doi by dilating the 
artenoles with acetylcholme and Langley by occluding the circula- 
tion before applymg the stimulus Lewis and Marvm (10) repeated 
Langley’s experiment m cats m which the sympathetic nerves had 
degenerated and stall obtained dilatation 
Knowmg the importance of vasomotor reactions to the effiaent 
working of the normal body and having estabhshed the powerful 
mfluence of the autonormc nervous system on these reactions in all 
parts of the vascular system, it is important to find out whether vana- 
tions m them occur m certain pathological conditions m which the flow 
m the vessels is abnormal A fnutful field of mvestigation seemed to 
be the study of the vascular reactions of the capillanes dunng passive 
congestion The abnormahty of the blood flow m the capillanes m 
cases of advanced heart disease with chrome passive congestion and 
cyanosis has been descnbed frequently It has seemed to the author 
that these patients as compared to normal individuals showed a 
delayed and even dimmished response to vanous stunuh such as the 
sudden change from a hot to a cold temperature or vice versa, fnght. 
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etc. If this IS so its importance to the organism must be very great 
In order to see whether this was so the effect of stimulation of the 
cervical sympathetic on the capillaries of the ear dunng passive con- 
gestion has been compared to the normal reaction 

Albmo rabbits of 1 5 to 2 kilos were used for the experiments 
Ether was used as the anesthetic. At first considerable difficulty was 
experienced in obtainmg a satisfactory production of congestion 
Compression of the veins m the neck proved unsatisfactory as the 
collateral arculation was too free Compression of the base of the 
ear would have sufficed but by this means a reduction of the artenal 
supply would have been obtained also Fmally the problem was 
solved by dissectmg out the mam ear veins and produnng the requisite 
amount of traction on them by means of loops of thread passed under 
the veins The sympathetic nerve was exposed on the side corre- 
spondmg to the ear used and was stimulated by faradic current The 
ear was fixed flat on the stage of a Leitz microscope and mmeral oil 
was applied to its surface The magmfication used to study the 
capillanes was 40 tunes Light was provided by a 5 ampere direct 
current arc lamp It passed through a condenser and then a filter 
which contained a solution composed of a mixture of copper sulphate 
and potassium dichromate This solution was green m color so that 
besides removmg the heat rays it provided a better contrast between 
the capillanes and the tissues than was given when ordmary hght 
was used The hght was reflected from the mirror of the microscope 
through the rabbit’s ear By means of this a very satisfactory view 
of the small vessels in the ear was obtamed 

When the preparation had been set up the capillanes were watched 
under the rmcroscope while an assistant stimulated the sympathetic 
The efiicac 3 of the latter was controlled by observation of the pupil 
The time dunng which stimulation was applied was measured by a 
stop-watch At first the changes were studied under normal condi 
tions, then congestion was produced for a penod varying from fifteen 
to twenty mmutes and the sympathetic agam stimulated Finally 
observations were repieated from time to time after the venous obstruc- 
tion had been removed As far as possible the same capillanes were 
observed dunng each penod 

Four e.xpenments of this nature were performed and all gave the 
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same result In the normal state the effect was to produce after a 
short latent period a marked pallor due to contraction of the artenoles 
When this occurred the corpuscles in the capillanes became clumped 
together and the flow stopped After a short but definite interval 
the corpuscles agam began to move toward the vein and were finally 
expelled so that the capillary disappeared from view Dunng this 
latter penod no fresh corpuscles were seen to enter the capillary from 
the artenole There was no doubt that the two changes descnbed 
were separate processes The latent period after which these changes 
took place was practically constant m repeated observations When 
venous congestion was produced the ear became definitely cyanotic 
The capillaries were ddated and their flow markedly altered All 
gradations were seen between complete stasis and those in which 
there was httle change from normal The rate of flow was much 
reduced m the majority and was comparable to the condition which 
had been observed in advanced cases of heart disease (11) (12) 

The flow m the different capiUanes vaned from time to time as 
had been seen also m heart cases The capfllanes particularly studied 
were those in which the rate of flow was considerably reduced In 
these no contraction was obtamed from stimulation even when it was 
contmued for five or six times as long as had been necessary to cause 
disappearance of the capillaries under normal conditions Some capil- 
lanes were observed m which the flow was only moderately reduced 
and in these contraction took place after a prolonged latent penod 
In those in which the flow was almost normal the latent penod was 
only shghtly mcreased On removing the venous obstruction it was 
found that gradual recovery took place Capfllanes which had faded 
to contract dunng the period of obstruction began to contract after 
a long latent penod The latent period became less and less until 
finally it reached the normal level 

The foUowmg is the protocol of a typical experiment 

Albino rabbit Weight 1 5 kilos Ether anesthesia Mam ear veins m 
right ear dissected out and loose threads passed round them Right cervical 
sympathetic exposed m the neck for stimulation Right ear placed on the stage 
of the microscope and exammed 
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There was httle doubt that the changes which took place m the 
capillanes were independent of those taking place in the arterioles 
However, it was felt that if a substance could be used which dilated 
the artenoles but left the capillanes unaSected this possibility could 
be definitely ruled out. For this purpose acctylchohne was used 
Taveau and Hunt (13) first showed the powerful vasodilator action 
of this substance in extremely dilute solution and Hunt (14) later 
proved that the action was independent of vasomotor nerves Dale 
and Richards, (IS) in their classical paper in which they analyzed the 
action of vanous vasodilator substances, found that this drug acted 
powerfully on the artenoles but they were unable to find any evidence 
of an action on the capillanes They also showed that the changes 
produced were not dependent on vasomotor nerves Acetylchohne 
has the further advantage that it produces a very marked viisodilata- 
tion of the cutaneous vessels The effect of a single injection of 
acetylcholme passes off very rapidly so that it was necessary to give 
a continuous injection in order to maintain a low blood pressure 
dunng the entire penod of stunulation A solution of acetylchohne 
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(1 cc = 0 002 mgm ) was allowed to flow from a burette into the 
jugular vein at a rate vhich it had been found m eYperiments on other 
rabbits of similar weight would mamtain the blood pressure at 20-30 
mm Hg below normal It would have been preferable to have had 
the blood pressure readmg on the animal used for the experiment but 
the many other details which required attention and the fact that the 
head was used for observation rendered it advisable to el imin ate this 
Two expenments were performed in which the procedure was the 
same as in the previous expenments with the addition of the mjection 
of acetylcholme dunng the period of stimulation As a prehmmary 
acetylchohne was injected m each instance without sympathetic 
stimulation in order to see whether it produced any action on the 
capiUanes The only effect observed was a shght slowing of the 
stream In some mstances it was thought that a shght dilatation 
took place but this was not constant and when seen was so shght that 
It was uncertain The changes caused by sympathetic stimulation 
in these expenments differed from those descnbed above m that 
during the normal penod the marked pallor due to artenolar con- 
stnction was absent or markedly reduced while the latent penod 
before contraction of the capiUanes took place was about doubled 
Stimulation dunng the penod of congestion was without effect on the 
capiUanes m which the rate of flow was greatly reduced as was found 
in the other expenments 


DISCUSSION 

The results of the present senes of expenments confirm those 
obtamed by previous authors that sympathetic stimulation causes 
contraction of the capiUanes independent of its action on the arten- 
oles Not only was contraction of the capiUanes produced m the 
normal animal but it also took place after the artenoles had been 
dilated by acetylchohne They also showed that a profound modifica- 
tion of the action of the sympathetic nervous system on the capil- 
lanes takes place dunng passive congestion In marked degrees of 
congestion the capiUanes failed to react to sympathetic stimulation 
and m the lesser degrees the effect was considerably modified A 
similar change has been observed by Lewis (16) m man He found 
when the pressure in a cuff round the arm was raised more than from 
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40 to 60 mm Hg he failed to obtain blanching on punctunng ad- 
renahn (1-1000) mto the congested area 

It IS of considerable mterest to consider the cause of the altered 
response dunng passive congestion One possibihty is that it may be 
due to the accumulation of aad metabolites, particularly COj m the 
vessels and tissue spaces This supposition was mainly suggested by 
perfusion experiments in which capillary dilatation was produced by 
aad solutions of much greater aadity than one would find under 
hvmg conditions However Krogh (17) has shown that a considerable 
mcrease of COi in the arculation is without effect on the capiUanes 
while It requued the apphcation of very aad mixtures to the frog’s 
tongue to produce any dilatation of the capiUanes As Lewis (16) 
pomts out it IS improbable that an accumulation in the vessels or 
tissue spaces of such volatile and weak aads could induce such pro- 
longed effects as these substances would be rapidly removed when 
normal conditions were restored 

The second possibihty that suggests itself is that the profound 
changes in the capiUanes were due to anoxemia Krogh (17) showed 
that the changes, which took place in reactive hypererma foUowmg 
arculatory arrest with complete stasis, were not prevented either in 
the frog’s tongue when it was kept m an atmosphere of pure oxygen so 
that no cyanosis took place or in the frog's web which was amply 
supplied with oxygen from the atmosphere Lewis (16) has demon- 
strated that this reaction m man takes place after such a short penod 
of stasis as to make it most improbable that it is due to a metabohe 
change from anoxemia 

The third possibility is that it is due to the accumulation in the 
tissue spaces dunng the penod of stasis of some substance which 
acts on the capiUanes Lewis (16) has brought forward strong evi- 
dence to show that a non volatile, slowly diffusible substance is con- 
stantly produced by the tissues and that it can produce a profound 
effect on the capiUanes when allowed to accumulate This he terms 
“H substance” but he shows that it is probably histammc as it 
resembles the latter so closely in its effects He has also demonstrated 
that histamine is capable of preventing or abolishing the response of 
the vessels to adrenalin This explanation seems to be the most 
likely for the changes observed in the present expenments Obstruc- 
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tion of the venous flow would permit an accumulation of the dilator 
substance while the gradual recovery observed would be compatible 
with the removal of a slowly diffusible product such as the “H- 
substance ” 

Although not directly coimected with the subject under investi- 
gation It was seen that the latent penod foUowmg sympathetic 
stimulation before the capfllanes contracted was increased when 
acetylchohne was mjected The changes observed in the capfllanes 
foUowmg the mjection of acetylchohne when no stimulation of the 
s)anpathetic was used were very shght and confirmed the view that 
the artenoles were mainly responsible for the fall m blood pressure 
They did not suggest that the prolonged latent penod was directly 
due to a change m the capiUanes Under normal conditions the 
artenoles contract after stimulation of the sympathetic and thus 
prevent fresh blood from entenng the capillanes while after acetyl- 
chohne the artenoles remain dilated and allow blood to flow freely 
mto the capfllanes Under these circumstances the capfllanes would 
have a greater force to contract against than when a few motionless 
corpuscles he m their lumen Thus the tune required for their com- 
plete disappearance would become lengthened 

CONCLUSIONS 

1 Penpheral stimulation of the cervical sympathetic caused the 
capiUanes m the rabbit’s ear to contract This effect took place at a 
definite mterval after artenolar contraction It was also present 
when the artenoles were dilated by acetylcholme 

2 The latent penod between the commencement of stimulation 
and contraction of the capfllanes was prolonged when acetylchohne 
was injected throughout the tune of stimulation 

3 The production of congestion by venous obstruction caused 
either failure of the capiUanes to contract as a result of stimulation 
of the sympathetic nervous system or a considerable prolongation of 
the latent penod dependmg on the degree of stasis m the individual 
capiUanes 

4 It IS suggested that individuals with chronic passive congestion 
show a variation from the normal in their vasomotor reactions, 
dependent on the degree of stasis 
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THE EXCRETION OF ZINC IN HEALTH AND DISEASE 
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During recent years increasing attention has been directed towards 
the occurrence of zinc as a normal constituent of animal tissues and 
fluids (1) Its wide distribution in foodstuffs and particularly its 
concentration in germ" cells — the endosperm of wheat and the yoUc 
of eggs, for example — and constant presence in milk pomts to a 
defimte utilization The fact that there is a more or less definite 
ratio of zinc to calaum m blood m the proportion of 7 100, and that 
zinc metabolism in animals has been shown to bear some relation to 
inorgamc salt metabolism m general (2), leads to speculation as to the 
part It plays m the human orgamsm 

For this reason it was felt desirable to secure further data regardmg 
the excretion of absorbed zme under conditions of disease as compared 
with the normal It is mterestmg to note that man ingests in his 
food practicallj as much zme os he does iron Far the greater part is 
excreted through the mtestine A small amount, however, is absorbed 
and excreted through the unne and, as the latter is a better index of 
absorbed zinc, a senes of analyses of unnarj zme under conditions of 
health and disease was earned out 

EXPERIMENTAL 

Twenty four hour specimens of unne were collected from a num^r 
of healthy mdividuals and also from hospital patients suffenng from 
vanous diseases such as nephntis, uremia, duodenal ulcer, tuberculosis 
and diabetes In order to avoid madental contanunation with zinc 
from glassware, the unne was collected in Pyrex glass-stoppered 
bottles and evaporated to dryness and ashed in Pyrex dishes The 
zme was separated and determined b\ a turbidimetnc method as the 
ferrocyamde (3) 
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During recent years increasing attention has been directed towards 
the occurrence of zinc as a normal constituent of animal tissues and 
fluids (1) Its wide distnbution m foodstuffs and particularly its 
concentration in germ' cells — the endosperm of wheat and the yolk 
of eggs for eicample — and constant presence m milk pomts to a 
definite utilization The fact that there is a more or less definite 
ratio of zme to calcium m blood in the proportion of 7 100, and that 
zinc metabolism in animals has been shown to bear some relation to 
inorganic salt metabolism m general (2), leads to speculation as to the 
part it plays in the human orgamsm. 

For this reason it was felt desirable to secure further data regardmg 
the excretion of absorbed zme under conditions of disease as compared 
with the normal It is mteresting to note that man ingests in his 
food practically as much zme as he does iron Far the greater part is 
excreted through the mtestine A small amount, however, is absorbed 
and excreted through the unne and, as the latter is a better index of 
absorbed zinc, a senes of analj'ses of urmarj zinc under conditions of 
health and disease was earned out 

EXPERIMENTAL 

Twenty-four hour specimens of unne were collected from a numjier 
of healthy individuals and also from hospital patients suffenng from 
vanous diseases such as nephntis, uremia, duodenal ulcer, tuberculosis 
and diabetes In order to avoid inadental contamination with zinc 
from glassware, the unne was collected m Pyrex glass stoppered 
bottles and evaporated to dryness and ashed in Pyrex dishes The 
zinc was separated and determined by a turbidimctnc method as the 
ferrocyamde (3) 
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zme metabolism m ammals has been shown to bear some relation to 
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For this reason it was felt desirable to secure further data regardmg 
the excretion of absorbed zinc under conditions of disease as compared 
with the normal It is mteresting to note that man ingests m his 
food practicallj as much zme as he does iron Far the greater part is 
excreted through the mtestine A small amount, however, is absorbed 
and excreted through the unne and, as the latter is a better index of 
absorbed zinc, a senes of analyses of unnary zinc under conditions of 
health and disease was earned out 

EXPEROIENTAL 

Twenty four hour specimens of unne were collected from a num|3er 
of healthy individuals and also from hospital patients suffenng from 
vanous diseases such as nephntis, uremia, duodenal ulcer, tuberculosis 
and diabetes In order to avoid inadcntal contarmnation with zinc 
from glassware, the unne was collected in Pyrex glass stoppered 
bottles and evaporated to dryness and ashed in Pyrex dishes The 
zinc was separated and determined bj a turbidimetnc method as the 
ferrocyanide (3) 
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Various clinical pathological data were collected also for comparison 
with the zinc data Blood studies included blood urea nitrogen 
determinations, red blood cell counts, white cell counts and hemo- 
globins The presence or absence of edema was noted Blood 
pressures and the degree of existmg vascular disease were also recorded 

table 1 


Normal unitary excretion of ztnc tn health 


Subject 

Unne volume 
(24 hours) 

Total rinc per day 

zinc per liter per day 


cc 

mgm 

mgm 

1 

1,200 

0 48 

0 40 

2 

1,487 

0 69 

0 46 

3 

1,300 

0 41* 


4 

1,610 

0 41 

0 26 

5 

1,320 

0 28 

0 21 

6 

895 

1 00 

1 12 

7 

1,075 

0 27 

0 25 

8 

2,260 

0 41 

0 18 

9 ! 

1,022 

0 59 

0 58 

10 

1,312 

0 90 

0 68 

11 

1,140 

0 69 

0 60 

12 

795 

1 12 

1 41 

13 

975 

0 91 

0 93 

14 

626 

0 27 

0 43 

15 

1,390 

0 27 

0 19 

16 

1,022 

1 18 

1 15 

17 

1 540 

0 69 

1 28 

18 

2,092 

1 12 

0 54 

19 

1,011 

0 34 

0 34 

20 

1,724 

1 00 

0 5S 

21 

310 

0 27 

^ 0 87 

22 

1,575 

0 80 

0 51 

23 

836 

0 60 

0 72 

24 

1,340 

0 45 

0 34 

Average 

1,202 

0 64 

0 60 


Urme exammations for albunun and casts were made Owmg to the 
fact that none of these figures show any significant correlation with 
the zmc output they have not been mcluded in the tabulated data 
The normal zmc content of the unne of the twenty-four healthy 
mdividuals is shown m table I, wlide the zmc content of the unne 
of the patients studied is shown m table 2 











TABLE J 


XJnnary C3XTdxon of stnc tn disciue 


Stibject 

Type of dbease 

Urine volome 

Total zIdc per 

Zinc per liter 
perdny 



u 

Mra. 


25 

Nephritis 

310 

0 17 

0 55 

26 

NephnUfl 

305 

0 75 

2 45 

27 

Nephntis ' 

321 

0 40 

1 25 

28 

Nephritis ' 

1,836 

1 30 

0 71 

29 

Nephritis 1 

516 

0 70 

1 36 

30 

Nephritis 1 

1,109 

0 70 

0 63 

31 

Nephritis ' 

588 

0 25 

0 43 

32 

Nephntis 

432 

0 55 

1 27 

33 

Nephntis 

205 

0 65 

3 17 

34 

Nephritis ' 

575 

0 55 

0 96 

35 

Nephritis 

298 ' 

0 70 

2 35 

36 

Nephntis 

437 

0 65 

1 49 

37 

Nephritis 

m 1 

0 87 1 

5 88 

38 

Nephritis 

2,337 

0 50 

0 21 

39 

Nephntis 

880 

0 60 ' 

0 68 

40 

Nephrosis 

558 

0 54 

0 97 

Average 

1 

678 

0 61 

1 52 

41 

1 Uremia | 

1,540 

1 65 

1 07 

42 

I Uremia I 

760 

0 87 

1 IS 

43 

1 Uremia I 

1 1,310 

1 45 

1 10 

Average 



1 32 

1 11 

44 ' 

Duodenal ulcer 

1,720 

1 46 

0 85 

45 

Duodenal ulcer 

1,010 1 

0 38 

0 38 

46 1 

Duodenal ulcer 

1,580 

1 40 

0 91 

47 

Duodenal ulcer ^ 

1 510 

0 65 

0 43 

48 

Duodenal ulcer I 

1,060 

0 15 

0 14 

49 ' 

Duodenal ulcer 

950 1 

0 45 

0 47 

50 

Duodenal ulcer ' 

550 

0 35 

0 64 

51 

Duodenal ulcer 

1 750 

0 45 

, 0 26 

52 

Duodenal ulcer 

2,250 

0 87 

1 0 39 

S3 1 

Duodenal ulcer | 

835 

1 05 

1 26 

54 

Duodenal ulcer I 

2 175 

0 60 

0 27 

Average 



0 71 

0 54 

55 

Tubcrculosla 

1 985 

1 55 

0 78 

56 

Tuberculosis 

850 

0 70 

0 82 

57 

Tuberculosis 

760 

1 OS 

1 42 

5B 

Tuberculosis 

1,000 

1 24 

1 24 

Average, 



i 

1 06 
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TABLE l—Condudcd 


Subject 

1 Type o! disease 

Unne \oIume 

Total anc per 1 
day 1 

1 

Zmc per liter 
per da> 



cc 

wmggm 

msm 

59 

Pemiaous anemia 

1,490 


0 69 

60 

Penucious anemia 

450 


1 22 

61 

Lymphatic leukemia 

800 


0 95 

62 

Cardiac 

978 

0 27 

0 28 

63 

Diabetes 

850 

0 70 

0 82 

64 

Gout 

1,190 j 

1 35 

1 14 

65 1 

My-^edema | 

305 

0 65 j 

2 13 


DISCUSSION 

None of the clmical pathological figures obtained from the urea 
nitrogen determinations, complete blood counts, blood pressure 
measurements, nor the presence or absence of edema, vascular disease, 
nor urmaiy findings were of significance with respect to the zinc out- 
put Nor was the output of zinc greatly altered m cases of disease 
as compared with the normal amount excreted if the basis of compan- 
son IS total output In the case of nephritic patients, the zinc con- 
centration IS increased above that of the normal because the total 
urinary output was small Whereas the average normal daily output 
was 0 64 mgm per 24 hours, or 0 60 mgm per hter, with nephntic 
patients the average total daily output was 0 61 mgm per 24 hours, or 
1 52 mgm per hter Although this is a much higher concentration 
than normal, it should be noted that the total daily unnary output 
of the patients with nephntis studied represented but shghtly over 
one-half that of the normal individuals This was the direct result 
of the constant restncted low fluid mtake which was part of the 
treatment If the unnary volume output of the nephntic patients 
had not been restncted in this manner, there is the possibihty that the 
total zmc excretion figure would have been affected, that is, if the 
average unne volume of the nephntic patients had been as great as 
the normal, it is a reasonable assumption that the total zmc output 
might have been mcreased in proportion In any event, m terms of 
concentration alone, the unnary zmc of the nephntic patients was 
greater than that of the normal mdividuals 

Patients with duodenal ulcer show no great departure from the 
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average for normal individuals The average total dady excretion 
of the ulcer cases was 0 71 or 0^4 mgm per hter per day 
In uremia and tuberculosis, the anc content was distinctly higher 
than the average normal in every case eiammed The average daily 
excretion of tuberculous patients was 1 14 or 1 06 mgm per hter, while 
m uremia, the average daily excretion was 1 32 or 1 11 mgm per liter 
In these last two cases, therefore, the average anc excretion was 
practically double the average normal excretion Whether these 
differences are great enough to be Of significance is a debatable ques- 
tion With this as a clue, however, it might prove of mterest to 
mvestigate the zmc metabolism of tuberculous patients more closely 

StJiniARY 

An mvestigabon of the urmary anc excretion of twenty-four healthy 
individuals and of forty-one hospital patients showed that while no 
constant relation could be discovered between anc output and the 
degree of anemia, or alteration in hemoglobm, blood cell count, urinary 
albumm or edema, the zmc output is somewhat different in nephritis 
and markedly accentuated m uremia and tuberculosis 
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SKIN REACTIONS TO FILTRATES OF HAEMOLYTIC 
STREPTOCOCCI IN ACUTE AND SUBACUTE 
NEPHRITIS' 


By OSCAR C HANSEN PRUSS, WARFIELD T LONGCOPE, and D P O BRIEN> 
(From the AFtiJical Gtnu, the School of Ifcdfclno, Johns Hopkins Unitorstly, Balltmors) 
(Recavcd for publication April 24, 1929) 

In a previous communication (1) it was noted that haemolytic 
streptococa isolated from the tonsils, adenoids or accessory nasal 
smuses of cases of acute and subacute glomerular nephritis produced, 
in broth cultures, “tomns” which caused skm reactions similar to 
those caused by the “Dick Toxm ” While studying the property of 
these filtrates, it was observed thatmtense skin reactions often occurred 
m patients suffering from acute and subacute nephntis assoaated with 
infections caused by haemolytic streptococa A systematic study 
was, therefore, made of the madence and mtensity of the skin reac 
tions to these bouillon filtrates of haemolytic streptococa in three 
groups of cases, first, patients suffermg from acute and subacute 
nephntis, secondly, normal mdividuals and paDents affected with 
nuBcellaneous conditions, and thirdly, patients suffermg from uncom 
phcated acute tonsilhtis There will be no attempt to discuss at this 
time the nature ot these filtrates 

It IS, however, to be noted that many observers have found that 
haemolytic streptococa recovered from vanous forms of infection arc 
capable of elaborating “toxic” substances when grown in broth (2, 3, 
4, 5, 6, 7, 8, 9, 10, 11) 

Although these filtrates are usually more resistant to heat and less 
potent than the 'Dick Toxm," yet they possess other properties m 
common with the “Dick Toxm,” lor they are frequently neutraluable 
by antiscarlatinal serum (3, 7, 9, 10) and are considered by some to 
differ only quanUtatively from the 'Dick Toxin,” though qualitative 
differences have also been observed (10, 11, 13, 13a) 
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The Significance of the Dick reaction and of the reactions caused 
by filtrates obtained from the growth of non-scarlatinal strains of 
haemolytic streptococci is not perfectly clear Mackenzie and 
Hanger (5) considered that the reactions which they obtamed indi- 
cated an acqmred allergy, and that the skm reaction was probably 
similar m nature to the local tnbercuhn reaction There is increasing 
evidence to sustam this pomt of view Dochez and Sherman (121 
have shown that the skin of rabbits and gumea pigs, previously inocu- 
lated with hving cultures of Streptococcus scarlatinae, becomes sensitive 
to filtrates of this orgamsm, while Zinsser and Gnnnell (13) have 
observed that the pronounced skm reactions to haemolytic strepto- 
coccus filtrates and to the “Dick Toxm,” which can be obtamed 
m gumea pigs infected with haemolytic streptococa, may fade or 
disappear after the infection has persisted for some days, and later 
reappear again They conclude that these reactions are allergic in 
nature and comparable to the tuberculm reaction We have observed 
the same phenomena m rabbits infected subcutaneously by strains of 
haemolytic straptococci obtained from infections m acute nephritis 
The skm of the rabbit which, under normal conditions gives no reac- 
tion to the mtracutaneous mjection of 0 2 cc of undiluted filtrate, 
may react to the same filtrates withm five to seven days after the 
onset of an mduced local streptococcus infection, by an area of ery- 
thema and oedema 1-2 cm m diameter Two or three weeks later 
the hypersensitiveness of the skm usually disappears We could not 
determme that these reactions were specific for different strams 
Infection of the rabbit by one stram of haemolytic streptococcus 
rendered the skin sensitive to filtrates from many strains of haemolytic 
streptococci as well as to the ‘T)ick Toxm " Dochez and Stevens 
(14) have shown that two phases of cutaneous allergy develop when 
rabbits are immunized with filtrates of haemolytic streptococci from 
erysipelas The reactions occurrmg dunng the first period of aUergy 
can be neutralized with erysipelas immune serum, but the reaction 
during the second phase caimot 

The important observations of Cooke (15), upon the nature of the 
Dick reaction, bnng strong evidence to show that the Dick reaction 
depends upon an allergy acquired, through streptococcus infections, 
dunng early life A positive reaction may become temporanly 
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negative through desenaitization or be rendered jiennanently nega- 
tive by the production in the body of antitoxin Kirchner (16) 
states that he can sensitize the cornea of rabbits against filtrates 
of both scarlatinal strains and non scarlatinal strains of haemolytic 
streptococa , 

METHODS 

In the present investigation 18 strains ol hemolytic streptococci were employ ed 
Thirteen of them were of the beta type and five of alpha type. The organisms 
were grown in beef infusion peptone broth of pH 7 4 for 18 hours at 36 5°C , 
which was then filtered through BerLefelt candles and Seitz filters For skm 
reactions the filtrates were usually employed in 1-100 dilutiona tlTien positive 
sUn reactions were obtained with these dilutions, tests were made as a rule with 
1-500 1-1000, 1-2000 and occasionally 1-5000 ilutlons For each test 0 1 cc. 
of the dilution was employed Stock bouillon m 1-100 diluDon was employed as a 
control and a Dick reaction with 1 S T D of toim” was always made at the same 
time The stm reactions were read at the end of 18 hours and 24 hours The 
reaction was considered negative unless the area of erythema measured more than 
1 0 cm in one diameter Reactions of 1 to 1 5 cm were termed + , reactions of 
15to20cm were termed + -h reactionsof 2 0 to2 5 cm in diameter were termed 
+ -(- + and all reactions 2 5 cm in diameter or over were designated 4- + -f 

Smee the observations have been carried on over several y cars it has been neces- 
sary to prepare many batches of filtrates These have been titrated against a 
known reactor before they were employed for tests It was surprising to note with 
what regularity a single stram produced a filtrate of approximately the same 
strength 

Sktn reactions m normal persons and patients sirffenng from 
miscellaneous conditions 

Mackenzie and Hanger (5) found young children quite regularly 
insensitive to the filtrates which they employed, but obtained positiy e 
reactions m a very large proportion of adults They were not able to 
correlate these reactions with previous or existing infections, nor 
could thev find any apparent relation between the presence of these 
skin reactions and any one disease or group of diseases They 
employ ed comparatively large doses of filtrate using 0 03 to 0 04 cc 
of undiluted broth filtrates Howell and Comgan (17) found that a 
high percentage of persons, both healthy and diseased, reacted posi- 
tiy ely to streptococcus filtrates, and that there was no apparent cor- 
relation between the skin reactions and the etiological factors of the 
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disease Children that were susceptible to streptococcus infections 
gave a higher percentage of positive reactions vnth all streptococcus 
filtrates than did other children or adults They suggest that a 
positive skin reaction with streptococcus filtrates may indicate sus- 
ceptibfiity to streptococcps infecbons Lash and Kaplan (2) ob- 
tained 8 1 per cent positive skin reactions m 247 women who were 
either normal (20), pregnant (86), or puerperal (141), with filtrates 
in 1-1000 dilution of a streptococcus obtained from a case of puer- 
peral septicaemia Birkhaug (6) found that 21 per cent of school 
children, between the ages of 7 and 17 years, gave positive sLm re- 
actions to the toxm from Streptococcus crysipelatis, while 27 per cent 
of 135 hospital patients, between the ages of 17 and 72 years, gave 
positive reactions to 1 S T D 

Amoss, Hansen-Pruss and Bliss (18) state that 70 per cent of 
normal men, and 80 per cent of normal women give more or less marked 
skin reactions to erysipelas toxm m 1-100 dilution 

Statistics concermng the occurrence of positive Dick reactions in 
children and adults vary considerably Dick and Dick (19) give 
58 8 per cent of positive reactions m 1250 persons, Lees (20) 49 8 per 
cent positive reactions amongst 530 Umversity students, Zingher 
(21) 26 3 per cent positive reactions amongst children m New York 
City while Dyer (22) found that school children from rural and urban 
distncts might show a vanation m positive reactions from 100 per 
cent to 25 per cent 

It is obviously impossible to make accurate comparisons of the 
madence of positive s kin reactions to streptococcus filtrates obtamed 
by different observers So much depends upon the dosage, the strength 
of the vanous filtrates and the group of mdividuals tested It is 
possible, however, to compare with a considerable degree of accuracy" 
the tests performed with standardized filtrates by a smgle observer m 
different groups of patients 

We have tested the skin of 60 mdividuals, who were supposedly 
normal or who were suffenng from a rmscellany of conditions, with 
bouillon filtrates of the strains of haemolytic streptococa isolated 
from infections in acute nephritis Eighteen different strains were 
employed m the preparation of these filtrates, and the filtrates from 2 
to 16 strains were employed for tests on each individual An average 
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of 9 filtrates was used for tests in each person Most of these persons 
were between 18 and 35 years of age Of the 60 individuals one half 
were supposedly nonnal, the other half, though not acutely ill, were 
affected with a vanety of conditions, such os chronic valvular heart 
disease, duodenal ulcer, multiple sclerosis, hyperthyroidism, chronic 
tonsillitis, diabetes, hereditary telangiectasis chrome smusitis. 
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arteriosclerosis, chrome tuberculosis, convalescence from pneumoma 
and typhoid fever 

Table 1 gives the madences of total reactions, the madence of 
strong reactions and the proportions of positive reactions in this group 
of control cases 

It was found that about two thirds of all these patients gave some 
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reaction to one or more of the filtrates m 1-100 dilutions, but that only 
one-fourth of the patients gave strong reactions in this dilution 
Comparatively few patients gave reactions to dilutions of 1-500 or 
more Of 33 individuals, selected largely from those who had reacted 
to the filtrates m 1-100 dilutions, who were tested with a 1-500 
dilution of the filtrates 15 or 45 4 per cent gave -H or greater reac- 
tions, while only 3 or 9 per cent gave -f -h-f-l- reactions 

Four of the entire number of the negative reactors were tested with 
less dilute filtrates, 1-50 and 1-20 being employed Two mdmduals 
who gave negative reactions with 1-100 dilutions showed -h-f-f 
reactions with 1-50 dilutions One mdividual gave a negative 
reaction at 1-50 but a -f- reaction at 1-20, and one individual gave 
negative reactions both with 1-50 and 1-20 dilutions The titrations 
of these reactions are given m Table 2 
The positive Dick reactions were obtained almost entirely among 
the individuals that gave positive reactions to the bouillon filtrates 
Of the 14 positive Dick reactions 13 occurred amongst the positive 
reactors and one amongst the negative reactors 
It IS important to draw attention to the fact, that, in the miscel- 
laneous group, there were five individuals who suffered from chronic 
smusitis or chrome tonsiUitis AH five of these patients gave positive 
reactions and four of them showed reactions to one or more 

of the filtrates Furthermore all of these five mdmduals came in the 
group of 15 who gave -f- reactions in 1-500 dilutions, while the 3 indi- 
induals who gave -f-l- + + reactions m 1-500 dilutions belong to this 
group of chrome tonsilhtis and smusitis 

From the observations made on these 60 persons, it may be con- 
cluded that the skm reactions to these bouillon filtrates of haemolytic 
streptococa vary considerably m different mdmduals The skin of 
some mdmduals may be almost insensitive to comparatively large 
doses of the filtrates, while the skm of other persons may react quite 
\ngorously to considerably diluted filtrate It was also observed that 
reactions to the same filtrates might vary from tune to tune In 
se\eral mdividuals reactions that were at first -{--f- to 
became on subsequent tests -f It was also noted that m this control 
group the mdi\nduals having obvious chronic tonsillitis or sinusitis 
were among those most hkely to give strong reactions 
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Shii reachons tn acute and subacute nepimtis 

The results obtained from the skin tests made upon patients suffer 
mg with acute and subacute nephntis differed, in several respects, from 
those m the control groups 

Twenty-seven patients were tested An average of 9 filtrates from 
different strains was used in each patient Table 3 shows the number 
and percentage of positive reactions obtained in these twenty seven 
patients with 0 1 cc of 1-100 dilutions of filtrates 

It may be seen from the table that this group of patients suffering 
from nephntis gave reactions much more frequently than the control 
groups, that they gave many more -t- reactions, and that they 

reacted to a greater number of filtrates When one measures the 
susceptibihty of these patients to the streptococcus filtrates, by titrat- 
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ing the dose of filtrate, the difference becomes even more strikmg Of 
12 patients tested with 1-500 dilutions 9, or 75 per cent gave -p to 
reactions, whereas in the control group only 45 4 per cent of 
33 cases tested with 1-500 dilutions gave -f reactions Of the 17 
nephntics 6, or 50 per cent, gave -(--f-f-f reactions with 1-500 
dilutions whereas only 9 per cent of the controls gave 
reactions with this dilution In the cases of nephntis, manv positive 
reactions were obtained with still greater dilution, of filtrate 01 
7 patients tested with 1-1000 dflution, 5 gave -1- reactions or greater 
and 2 4- -h + -1- reactions Of 5 patients tested with 1-2000 dilutions, 
2 gave -f -f -1- -b reactions, and one of two patients tested with 1-5000 
dilutions gai e a -b reaction 

In the group of nephntics, there seemed to be no definite relationship 
between reactions from filtrates and reactions from “Dick Toxin " 
There were 9 of the 27 patients who gave positive Dick reactions All 
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of these gave + + + + reactions with the bouillon filtrates Of tlic 
18 patients who gave negative Dick reactions 9 or 50 per cent gave 
+ + + + reactions with the bouillon filtrates It can only be said, 
therefore, that when the Dick reaction was positive the reactions with 
filtrate were strongly positive, but that strongly positive reactions 
with filtrates occurred in one-half the patients that gave negative Dick 
reactions 

Amongst the 27 nephntics, there were 4 cases that gave no reactions 
to any filtrates of the streptococci, and that also gave negative Dick 
reactions Three of these patients had marked oedema at the time 
the tests were made One of these three, who had much oedema at the 
time the first tests were made, was retested later after the oedema had 
subsided and still showed completely negative reactions The fourth 
had only moderate oedema It is possible that marked oedema of the 
subcutaneous tissues may favor rapid absorbtion of the injected 
bactenal filtrate, such as occurs with sodium chloride solution, and 
thereby reduce the habihty of a reaction in the skin, though it is more 
probable that the skin of these patients was actually insensitive to the 
filtrates 

The skin reactions in this group of 27 nephntics seemed to persist m 
the same degree and intensity m many patients for months or even 
years Two patients have shown skin reactions of the same mtensity 
for 8 months, 2 for 1 year, 1 for 1 year and 8 months, one for 2 years, 
2 for 2 years and 8 months, and one for 3 years Among this group of 
9 retested patients, there are three who have, apparently, recovered 
completely from their attacks of acute nephritis as well as from the 
infection The acute nephntis m each instance was associated with an 
acute tonsillitis due to j8 haemolytic streptococa In aU three, 
tonsillectomy vas performed dunng the early stage of nephntis 
Repeated exammations over a penod of 8 months in one case and 2 
years and 8 months m the other two have shown that they were free 
from infection, and cultures from the pharynx and nasopharynx have 
not shown p haemolytic streptococa Three of the 9 patients retested 
are symptomatically weU, but still show traces of albumen and occa- 
sional hyaline casts m the urme, while cultures from the pharynx have 
shown from time to time haemolytic streptococa, in the remaining 
group of three of the total 9 cases, the ongmal acute or subacute 
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nephntis has become chrome, infections have persisted and cultures 
from the infections of the phar3Tis and paranasal sinuses have shown 
constantly haemolytic streptococci 
These observations mdicate that the increased sensitiveness of the 
sLm of patients, suffermg from acute and subacute nephntis, may 
persist for long penods of tune, and that skin reactions of great 
mtensity, m these patients, are not necessarily dependent upon the 
existence of a demonstrable infection or upon the earner state 
It seemed necessary, however, to obtain further information as to 
the relation of the positive skin reaction to acute infections, produced 
by haemolytic streptococa of type, occumng in patients in whom 
there was no evidence of a comphcating acute nephntis For this 
purpose, cases of uncompheated acute tonsillitis were selected Skin 
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reactions were performed with the bouillon filtrates m 22 such cases 
Haemolytic streptococa were obtamed in cultures from the tonsils m 
all cases An average of five filtrates was employed for the tests m 
each case. In all but four, the filtrates were used m 1-500 dilutions, 
and therefore the results are not exactly comparable to those obtamed 
m the control groups The table 4, however, shows the inadence of 
positive reactions m this group of uncompheated tonsilhtis 
It will be seen that though a very large percentage of these cases 
gave positive reactions, a comparatively small number showed 
strongly positive reactions m 1-500 dilution, m the tonsilhtis group 
18 1 per cent and in the nephntis group 50 per cent Though the 
total number of cases is small, the pronounced variations are mdicative 
of considerable difference in the sensitiveness of the three groups to the 
bomllon filtrates 
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of these gave + + + + reactions with the bouillon filtrates Of tlie 
18 patients who gave negative Dick reactions 9 or 50 per cent gave 
+ + + + reactions with the bouillon filtrates It can onlv be said, 
therefore, that w'hen the Dick reaction was positive the reactions w'lth 
filtrate w'ere strongly positive, but that strongly positive reactions 
wnth filtrates occurred in one-half the patients that gave negative Dick 
reactions 

Amongst the 27 nephntics, there were 4 cases that gave no reactions 
to anj’^ filtrates of the streptococa, and that also gave negative Dick 
reactions Three of these patients had marked oedema at the time 
the tests w'ere made One of these three, who had much oedema at the 
time the first tests were made, was retested later after the oedema had 
subsided and still show'ed completely negative reactions The fourth 
had only moderate oedema It is possible that marked oedema of the 
subcutaneous tissues may favor rapid absorbtion of the mjected 
bactenal filtrate, such as occurs wnth sodium chloride solution, and 
thereby reduce the habfiity of a reaction in the skin, though it is more 
probable that the skin of these patients was actually insensitive to the 
filtrates 

The skm reactions in this group of 27 nephntics seemed to persist in 
the same degree and intensity in many patients for months or even 
years Two patients have shown skin reactions of the same intensity 
for 8 months, 2 for 1 year, 1 for 1 year and 8 months, one for 2 years, 
2 for 2 years and 8 months, and one for 3 years Among this group of 
9 retested patients, there are three who have, apparently, recovered 
completely from their attacks of acute nephntis as well as from the 
infection The acute nephritis m each instance was associated with an 
acute tonsillitis due to p haemolytic streptococa In all three, 
tonsillectomj was performed dunng the early stage of nephntis 
Repeated examinations over a penod of 8 months in one case and 2 
years and 8 months in the other tw o have shown that they were free 
from infection, and cultures from the phaiynx and nasopharynx have 
not shown p haemolj’tic streptococa Three of the 9 patients retested 
are S3mptomatically well, but still show traces of albumen and occa- 
sional hyaline casts in the unne, while cultures from the pharjmx have 
shown from time to tune haemolj^c streptococci, in the remaining 
group of three of the total 9 cases, the ongmal acute or subacute 
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nephritis has become chronic, infections have persisted and cultures 
from the infections of the pharynx and paranasal sinuses have shown 
constantly haemolytic streptococa 
These observations mdicate that the increased sensitiveness of the 
skm of patients, suffering from acute and subacute nephntis, may 
persist for long penods of time, and that skin reactions of great 
mtensity, m these patients, are not necessarily dependent upon the 
existence of a demonstrable infection or upon the earner state 
It seemed necessary, however, to obtam further information as to 
the relation of the positive skin reaction to acute infections, produced 
by haemolytic streptococa of f! type, occurring m patients in whom 
there was no evidence of a comphcating acute nephntis For this 
purpose, cases of uncompheated acute tonsdliPs were selected Skin 
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reactions were performed with the bouillon filtrates m 22 such cases 
Haemolytic streptococa were obtamed m cultures from the tonsils m 
aU cases An average of five filtrates was employed for the tests in 
each case In all but four, the filtrates were used m 1-500 dilubons, 
and therefore the results are not exactly comparable to those obtained 
m the control groups The table 4, however, shows the inadence of 
positive reactions m this group of uncomplicated tonsiDitis 
It will be seen that though a very large percentage of these cases 
gave positive reactions, a comparatively small number showed 
strongly positive reactions m 1—500 dilution, in the tonsilhtis group 
18 1 per cent and m the nephntis group 50 per cent Though the 
total number of cases is small, the pronounced variations are indicatiie 
of considerable difference in the sensitiveness of the three groups to thi, 
bomllon filtrates 
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of these gave + + + + reactions VTth the bouillon filtrates Of the 
18 patients -who gave negative Dick reactions 9 or 50 per cent gave 
+ + + + reactions with the bomllon filtrates It can only be said, 
therefore, that when the Dick reaction was positive the reactions with 
filtrate vere strongly positive, but that strongly positive reactions 
with filtrates occurred in one-half the patients that gave negative Dick 
reactions 

Amongst the 27 nephntics, there were 4 cases that gave no reactions 
to any filtrates of the streptococci, and that also gave negative Dick 
reactions Three of these patients had marked oedema at the time 
the tests were made One of these three, who had much oedema at the 
tune the first tests were made, was retested later after the oedema had 
subsided and still showed completely negative reactions The fourth 
had only moderate oedema It is possible that marked oedema of the 
subcutaneous tissues may favor rapid absorbtion of the mjected 
bactenal filtrate, such as occurs with sodium chlonde solution, and 
thereby reduce the liabihty of a reaction m the skin, though it is more 
probable that the skin of these patients was actually insensitive to the 
filtrates 

The skin reactions in this group of 27 nephritics seemed to persist in 
the same degree and intensity in many patients for months or even 
years Two patients have shown skin reactions of the same intensity 
for 8 months, 2 for 1 year, 1 for 1 year and 8 months, one for 2 years, 
2 for 2 years and 8 months, and one for 3 years Among this group of 
9 retested patients, there are three who have, apparently, recovered 
completely from their attacks of acute nephntis as well as from the 
infection The acute nephntis m each instance was associated with an 
acute tonsilhtis due to p haemolytic streptococa In all three, 
tonsillectomy was performed durmg the early stage of nephntis 
Repeated examinations over a penod of 8 months in one case and 2 
}ears and 8 months in the other two have shown that they were free 
from infection, and cultures from the pharynx and nasopharynx have 
not shown j3 haemolj'tic streptococa Three of the 9 patients retested 
are symptomatically well, but still show traces of albumen and occa- 
sional hy alme casts m the urme, while cultures from the pharynx have 
shown from time to tune haemolytic streptococa, in the remaining 
group of three of the total 9 cases, the ongmal acute or subacute 
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the preponderance of strongly positive sLin reactions in the nephntic 
group, for the nephnPcs continued to show this peculianty, in several 
instances, for months or years after the streptococcus infection had 
disappeared Moreover, if one regards the results from another 
pomt of view, it appears that a fair proportion of all the individuals 
who gave strongly positive skin reactions were nephntic. Of the 
total number of 109 mdmduals tested, 37 or 33 9 per cent gave 
strongly positive reactions, and of these 37 strongly positive reactors, 
18 or 48 6 per cent were nephntic 

There appears, actually, to be a quantitative difference m the skin 
reactions to these filtrates, between many patients with nephntis and 
the average normal mdividual, or the patient suffermg from an uncom- 
phcated acute streptococcus tonsilhtis This difference consists m a 
heightened susceptiblhty of the skm to the culture filtrates of haemo- 
lytic streptococa It seems possible, that there may be some connection 
between the heightened susceptibility of the skin to these filtrates, and 
the occurrence of acute glomerular nephntis as a complication of local 
streptococcus infection It is becommg more and more obvious that 
m the streptococcus infections, as m tuberculosis and syphilis, an 
induced allergy, towards the protein of the streptococcus or to the 
products of Its growth, accounts for some of the vanations m the form 
of the infection and of its comphcations Bristol (23) has expressed 
the view that the exanthem of scarlet fever is an allergic reaction to the 
local streptococcus infection, and has reviewed the hterature on this 
subject The more recent mvestigations by Dochez and Stevens 
(14) and by Cooke (IS) go far to substantiate this idea Dochez and 
Stevens conclude that both the Dick reaction and the rash m scarlet 
fever are dependent upon previous sensitization of the individual 
to haemolytic streptococa, and are to be looked upon as allergic reac- 
tions of the individual to products of Streptococcus scarlalmae Cooke 
adds considerable evidence to confirm this hvpothesis m which he 
thoroughly concurs 

Another streptococcus mfection, which presents certain features 
that have been interpreted as allergic in nature, is erysipelas Amoss, 
Hansen Prflss and Bliss (18) bring evidence to show that recurrent 
attacks of erysipelas are allergic in character, and find that the skin 
reactions to bouillon filtrates of erysipelas strains of haemolj’tic 
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DISCUSSION 

A Study of the skin tests made with filtrates of broth cultures ol 
haemolytic streptococa, in these three groups of cases, shows the neces- 
sity', in any comparative investigation, of using different dilutions of 
the filtrate to distinguish varying degrees of reactivity of the skin 
Amongst the mdividuals m the three groups, one finds, by titrating the 
reaction, aU transitions from those, who are practically insensitive to the 
filtrates in the doses employed, to those who react vigorously to 1-2000 
dilutions The control group mdudes the largest proportion of poor 
reactors, whereas the nephritic group contains the largest number of 
strong reactors The tonsilhtis group contains many reactors, but 
comparatively few strong reactors Table 5 demonstrates quite 
clearly these differences 


TABLE 5 

Summary of tnctdcnce of reactions 


Diagnosis 

Total 

number 

i 

++ + + 



Number 

Per cent 


Controls 

60 

38 

62 2 

15 

25 

Cases 1 

j TonsJliUs 

22 

21 

95 4 

4 

18 1 


[ NephnUs 

27 

22 

81 4 

18 

66 6 


f Normal 

542 

167 

30 8 

33 

6 0 

Tests ] 

1 Tonsillitis j 

123 

70 

56 9 

4 

3 2 


[ NephnUs | 

259 

162 

62 5 

62 

23 9 


In the nephritic group, not only was the proportion of strongly 
positive reactions very high, but each positive reactor m the group 
showed strongly positive reacPons to many more strains than the 
positive reactors in the other groups Though the total number of 
cases IS not large, yet the differences are so pronounced between the 
groups, that one is mchned to attnbute them to actual variations in 
the susceptibility to the filtrates rather than to chance The results 
obtained, both in the control group and in the tonsilhtis group, mdicate 
that persons suffenng from vanous forms of infection due, to /3 haemo- 
h tic streptococci, are somewhat more likely to give positive skin reac- 
tions to these streptococcus filtrates than are normal mdmduals It 
does not seem, however, that this propensity can account entirely for 
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the preponderance of strongly positive skin reactions m the nephritic 
group, for the nephntics continued to show this pecuhantj^, in several 
instances, for months or jears after the streptococcus infection had 
disappeared Moreover, if one regards the results from another 
pomt of view, it appears that a fair proportion of all the individuals 
who gave strongly positive skin reactions were nephntic Of the 
total number of 109 mdmduals tested, 37 or 33 9 per cent gave 
strongly positive reactions, and of these 37 strongly positive reactors, 
18 or 48 6 per cent were nephntic 

There appears, actually, to be a quantitative difference in the skin 
reactions to these filtrates, between many patients with nephntis and 
the average normal individual, or the patient suffenng from an uncom 
phcated acute streptococcus tonsilhbs This difference consists in a 
heightened susceptibihty of the skm to the culture filtrates of haemo 
lybc streptococa It seems possible, that there may be some connection 
between the heightened susceptibility of the skm to these filtrates, and 
the occurrence of acute glomerular nephritis as a comphcation of local 
streptococcus infection It is becoming more and more obvious that 
m the streptococcus infections, as m tuberculoas and syphilis, an 
induced allerg>, towards the protein of the streptococcus or to the 
products of its growth, accounts for some of the vanations m the form 
of the mfection and of its comphcations Bnstol (23) has expressed 
the view that the exanthem of scarlet fever is an allergic reaction to the 
local streptococcus infection, and has reviewed the hterature on this 
subject The more recent mvestigations by Dochez and Stevens 
(14) and by Cooke (15) go far to substantiate this idea, Dochez and 
Stevens conclude that both the Dick reaction and the rash m scarlet 
fever are dependent upon previous sensitization of the mdividual 
to haemolytic streptococci, and are to be looked upon as allergic reac 
tions of the individual to products of Streptococcus scarlalinae Cooke 
adds considerable evidence to confirm this hypothesis in which he 
thoroughly concurs 

Another streptococcus mfection, which presents certain features 
that have been mterpreted as allergic in nature, is erysipelas Amoss, 
Hansen Prtlss and Bliss (18) bnng evidence to shou that recurrent 
attacks of erysipelas are allergic m character, and find that the skm 
reactions to bouillon filtrates of erysipelas strams of haemolytic 
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streptococa are pronounced in all patients suffering from recurrent 
attacks of erj'sipelas Birkhaug (24) has expressed a similar view, 
while Francis (25) concludes, from a study of erysipelas, that allergy 
plays an important role both m the pathogenesis of the disease and in 
recover}’' from the local lesion 

Some observations have likewise been made upon the allergic 
reactions to non-haemolytic streptococa The work of Birkhaug 
(26), Kaiser (27) and S'wift, Wilson and Todd (28) mdicates that skin 
reactions to various strains of non-haemolytic streptococci, or to their 
filtrates, are more frequent in rheumatic fever than m non-rheumatic 
patients , while S'wift, Wilson and Todd observed a larger proportion of 
positive skin reactions, dunng the active stage of the disease, than dur- 
mg the latent penod Swift, Hitchcock and Denck (29), moreover, 
have obtained general tubercuhn like reactions, occasionally with 
reactivation of quiescent rheumatic foci, m patients vnth rheumatic 
fever who have been mjected intravenously 'with heated killed vaccines 
of both green and haemolytic streptococa, or with nucleo protem of 
haemolytic streptococci Swift (30), in particular, has done much to 
further the conception that the arthritis of rheumatic fever is an 
allergic reaction, the result of prelmunary sensitization of the joints 
to non-haemolj’tic streptococa, and Zmsser (31) is mchned to accept 
this hypothesis 

The idea that the inception of acute glomerular nephntis may be 
dependent upon an allergic reaction of the kidneys is not new, for both 
Schick (32) and von Pirquet (33) suggested, many years ago, that the 
acute nephntis of scarlet fever might be mterpreted as an allergic 
manifestation of this disease An attempt was made by one of us, 
some time ago, to produce nephntis in animals by repeated anaphylactic 
shock, (34) and though these experiments, performed 'With soluble 
protems, did result m degenerative lesions m the epithehum of the 
kidney tubules, vnth inflammatory reactions occasionally affectmg the 
glomeruh, the pathological picture of diffuse glomerular nephritis was 
not obtained, and the results do not seem applicable to an explanation 
of the ongm of nephntis m human bemgs It seems possible, however, 
that vhen the body has become sensitized to an infection, the kidney 
maj respond, m somewhat the same manner as the skm, when the 
products of bactenal groirth are brought m direct conta'ct ■with the 
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kidney cells Long and Fmner (35) have recently descnbed the typical 
lesions of diffuse glomerular nephritis produced, in the tuberculous 
pig, by the mjection of tuberculm mto the renal artery 
If the heightened skm reacPon to the filtrates of haemolytic strepto- 
coca can be mterpreted as allergic reactions, then our observations 
mdicate, that many patients, suffering from acute and subacute 
nephntis, are quite highly allergic to some constituent of haemolytic 
streptococa or to substances elaborated by these organisms Con- 
tmued mvestigations upon the madence of haemolytic streptococcus 
infection, at the onset, dunng the course and with exacerbations of 
acute and subacute glomerular nephntis, have confirmed us in the 
view that this relationship is too frequent and too close to be purely 
madental Repeated cultures from the unne, even dunng the early 
stages of acute nephntis, have not shown haemolytic streptococa, 
except m the rare mstances of what is probably a focal form of glomeru- 
lar nephntis, and we have not obtamed any evidence to show that the 
diffuse glomerular nephntis is the result of an actual infection of the 
kidney by bactena Though the idea, so frequently suggested, that the 
diffuse glomerular lesions are produced by the duect action of a true 
toxm cannot be dismissed, it seems much more probable that the 
reaction m the kidney may be allergic in nature, similar possibly to the 
reaction m the skm, and dependent upon a sensitization of the kidney 
cells to the haemolytic streptococa or the products of their growth 
If such a condition existed, one would scarcely expect absolute 
correlapon between the skm reaction and the kidney reaction, for m 
other forms of sensitization this does not occur Most patients 
suffenng from allergic hay fever give skin reactions to the substances 
causmg the bay fever or asthma, but they may, m addition give skm 
reactions to many substances that are not concerned m the production 
of their asthma or hay fever Conversely, the mgestion of a particular 

kmd of food may cause urticaria and gastro-mtestmal qmiptoms m 
patients whose skms do not react to extracts of this espeaal food 
The correlation, therefore, between the skm reaction and the somatic 
reaction is not absolutely constant Should the same conditions hold 
for streptococcus infections, it would not be surpnsmg to encounter 
patients who gave strong skm reactions to filtrates of haemolytic 
streptococa, and yet did not develop nephntis dunng the course of a 
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streptococa are pronounced in all patients suffenng from recurrent 
attacks of erj'sipelas Birkhaug (24) has expressed a similar view, 
■while Francis (25) concludes, from a study of erysipelas, that allergy 
plays an important role both m the pathogenesis of the disease and in 
recovery from the local lesion 

Some observations have likewise been made upon -the allergic 
reactions to non-haemolytic streptococa The work of Birkhaug 
(26), Kaiser (27) and Swift, Wilson and Todd (28) mdicates that skin 
reactions to vanous strains of non-haemolytic streptococa, or to their 
filtrates, are more frequent m rheumatic fever than m non-rheumatic 
patients , while S'wift, Wilson and Todd observed a larger proportion of 
positive skm reactions, during the active stage of the disease, than dur- 
ing the latent penod Swift, Hitchcock and Derick (29), moreover, 
have obtained general tubercuhn like reactions, occasionally with 
reactivation of quiescent rheumatic foa, in patients with rheumatic 
fever who have been mjected intravenously ■with heated killed vaccines 
of both green and haemolytic streptococa, or ■with nucleo protein of 
haemolytic streptococci S^wift (30), in particular, has done much to 
further the conception that the arthritis of rheumatic fever is an 
allergic reaction, the result of prelimmary sensitization of the joints 
to non-haemolj’tic streptococa, and Zmsser (31) is mclmed to accept 
this h 5 'pothesis 

The idea that the mception of acute glomerular nephntis may be 
dependent upon an allergic reaction of the kidneys is not new, for both 
Schick (32) and von Pirquet (33) suggested, many years ago, that the 
acute nephntis of scarlet fever might be mterpreted as an allergic 
manifestation of this disease An attempt was made by one of us, 
some time ago, to produce nephntis m animals by repeated anaphylactic 
shock, (34) and though these experiments, performed with soluble 
protems, did result m degenerative lesions m the epithehum of the 
kidney tubules, -wnth mflammator}’- reactions occasionally affectmg the 
glomeruh, the pathological picture of diffuse glomerular nephntis was 
not obtamed, and the results do not seem applicable to an explanation 
of the ongin of nephntis in human bemgs It seems possible, however, 
that •w hen the bod}^ has become sensitized to an infection, the kidney 
ma> respond, m somewhat the same manner as the skm, when the 
produrts of bactenal growth are brought m direct con^tact wnth the 
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streptococcus infection, and, on the other hand, observe occasional 
instances in which nephritis occurred, during the course of a strepto- 
coccus infection, in an individual who did not show exaggerated skin 
reactions to the filtrate 

In the groups of patients which we have studied, however, the most 
mtense and the most numerous skin reactions to filtrates of haemolytic 
streptococci have occurred m those suffenng from acute and subacute 
nephritis Though the nephritis occurred, m the majority of instances, 
m persons suffenng from mfections caused by haemolytic streptococci, 
the positive skin reactions themselves, it was found, might persist 
long after the disappearance of the mfection, and when the patient 
had apparently recovered from nephntis It was, moreover, found 
that almost one half of the strongly positive reactors were nephntic 

SUMMARY 

Skin reactions to the filtrates of haemolytic streptococci were 
studied m three groups of cases (1) A control group of normal indi- 
viduals and patients suffenng with a vanety of diseases, (2) patients 
with acute tonsillitis, (3) patients with acute and subacute nephntis 
In the control group 62 per cent were found to give positive skin 
reactions, but only 25 per cent strongly positive reactions, m the 
tonsiUitis group 95 4 per cent were found to give positive skm reactions, 
but only 18 1 per cent strongly positive reactions, m the nephntis 
group, however, 81 4 per cent gave positive skm reactions, and 66 6 
per cent strongly positive reactions 

The positive skin reaction is regarded as an evidence of allergy 
to the haemolytic streptococcus or the products of its growth 

The preponderance of strongly positive reactions in the nephntis 
group mdicates that these patients may be highly allergic to the 
haemolytic streptococcus or the products of its growth 

It IS suggested that the development of acute diffuse glomerular 
nephntis, m patients suffenng from haemolytic streptococcus mtec- 
tions,may be referable to the products of the gro'W’th of the haemolytic 
streptococcus acting upon previously sensitized kidney cells 
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The color of the skm, to a certain extent, serves as an index of the 
state of well being, or the converse, and has been interpreted, after 
Aranous modes and maimers of expression, as evidence of health or 
disease On the one hand there is the tanned, full-blooded skm 
with the texture and sheen ol velvet and, on the other hand, the 
pale, anemic, wnnkled and lifeless skm To be sure, the normal 
person exhibits a wide vanation or range in the color attributes of the 
skm, depending on the race, habitude, occupation and exposure to the 
elements Without doubt vanafaons m environment or bodily tem- 
perature and psychic emotion or unrest play a part m the composite 
of factors which go to make up the color of the skm In pathologic 
conditions, m which there may be abnormahties or derangements of 
pigmentation and of the vascular distnbution (both as to quantity 
and quality of blood) there is a wide range of vanations m the color of 
the skm Some of these changes may be recognized readily by the 
eye , others cannot be so recognized and, if appreaated, cannot be given 
quantitative estimation by the clmical methods m vogue 
It would seem as though greater accuracy should be introduced 
in climcal records regardmg the color of the skm This is particularly 
true in such conditions as jaundice, hemochromatosis, anenua, poly- 
cythemia, cyanosis, Addison’s disease and m other pigmentary and 
A ascular disturbances m which color plays a part m the diagnosis, and 
influences judgment regardmg faA'orable or unfavorable progress durmg 
the course of treatment 

That there has not been umformity m correctly or adequately 
expressing the color of the skin is attested by numerous clinical reports 

5S9 
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m the literature m which are used such expressions as reddish hue, 
bluish hue, death-like, bronzy, hvid, cyanotic, and the like The 
language used for expressing conceptions regardmg color has been 
rather figurative or from an artist’s viewpoint This has been due 
to the lack of standards, and chiefly for the reason that color has not 
been expressed m terms of its three attributes relative luminosity 
(bnUiance), dommant wavelength (hue) and punty (saturation) 

TINTOMETRIC METHODS 

Vanous tmtometnc or colonmetnc methods of estimating color 
have been descnbed in the literature (2, 3, 9, 13) Vanous color 
plaques are employed in such tests and are in character analogous to 
the Tallquist scale for the estimation of hemoglobin Such tinto- 
metnc and colonmetnc methods of estimating and recording color are 
doubtless of value to chmcal medicine, espeaally when subjected 
to some defimte system of color analysis, such as the Munsell disk 
or the Bradley top However useful such methods may be, they are 
open to the objection that they do not m any wise analyze the spectral 
hght reflected by the skin and therefore cannot record m terms of the 
three fundamental attnbutes of color Furthermore, pigments and 
spectral colors are vastly different The spectral colors of white light, 
such as sunhght, are pure colors, can be measured as to intensity, pur- 
ity, and so on, and are, therefore, readily standardized For instance, 
spectral yellow of a given wavelength (for example, 590 millmucrons 
or 5900 Angstrom units) is always the same yellow and can be repro- 
duced exactly 

ATTRIBUTES OF COLOR 

VTute hght can be made spectrally from certain quantities of red, 
green and blue of hmited wavelength values or, again, from certain 
quantities of orange, green and blue of Imiited wavelength values 
according to the tables of Maxwell (7) and others (10) Unless a 
color is descnbed according to its attnbutes, nothmg definite is stated 
regarding the color The three attnbutes of color are relative luminos- 
ity, dominant wavelength and punty Relative luminosity or bril- 
hance is necessarj' if color axists at all It is often spoken of as bnght- 
ness, tint, value, or visual bnghtness In this particular attnbute, 
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colors may be classified as equivalent to some member of a senes of 
grays of wbich. black and white are the extremes Relative lummos- 
ity simply tells how much of a standard source of light (such as sun- 
light) the given color is capable of reflecting By do m i n ant wave- 
length or hue is meant that attribute of the color which permits it to 
be classed as reddish, yellowish, greemsh or bluish The hue or 
tone depends on the wavelength only Percentage of punty or satura- 
tion deterrmnes the degree of hue, statmg how vivid or distinct it is 
Thus the percentage of punty defines how red or how yellow, and so 
forth, a color is For a full discussion of these attnbutes of color and 
allied topics, reference should be made to the report of the Committee 
on Colonmetry of the Optical Society of Amenca (14) 

Since the pigmentation of the skin is largely due to melanm (at least 
m brunets, negroes and those suffering from Addison’s disease), 
the degree of pigmentation, which affects the bnlhance and puntv 
only, may be thought of roughly as a smoke screen (m some persons 
very slight and m others very dense) laid down between solar radia- 
tion, on the one side, and the blood m the penpheral capillaries on the 
other side of the dividmg medium, the epidermis In other words, 
the presence of a pigment, such as melanm, will not affect the dommant 
wavelength but wiU influence the relative lurmnosity and saturation 
On the other hand, the presence of abnormally large quantities of blood 
at the periphery of the body may influence the dommant wavelength 
and perchance also the other attnbutes of the color of the skm The 
effects of pigmentation and superfiaal blood are the subjects of the 
second and third papers of this senes deahng with the color of the skm 
It IS readily seen, therefore, in a consideration of the color of the 
skm (which IS a semi-opaque body) that systems dependent on color 
matching with the human eye fail to analyze sufhaently the hght 
reflected from the skm It is physically mipossible for the human 
eye to estimate color quantitatively and to analyze it according to its 
attnbutes Rowntree and Brown (9) developed a umversal skin 
tintometer, adaptable to clmical medicine, which consists of nme 
separate color scales Matchmgs were made and grades given to 
1 anous selected areas of skin under conditions least likely to mtroduce 
error These readings i\ ere then subjected to the hlunsell (8) system 
of color measurement 



560 


SPECTROPHOTOMETRY OF SKIN METHODS 


in the literature in which are used such expressions as reddish hue, 
bluish hue, death-hke, bronzy, livid, cyanotic, and the like The 
language used for expressing conceptions regarding color has been 
rather figurative or from an artist’s viewpoint This has been due 
to the lack of standards, and chiefly for the reason that color has not 
been expressed in terms of its three attnbutes relative luminosity 
(bnUiance), dommant wavelength (hue) and punty (saturation) 

TINTOMETRIC METHODS 

Vanous tmtometnc or colorimetric methods of estimating color 
have been described m the literature (2, 3, 9, 13) Vanous color 
plaques are employed m such tests and are in character analogous to 
the Tallquist scale for the estimation of hemoglobin Such tinto- 
metnc and colonmetnc methods of estimating and recording color are 
doubtless of value to climcal medicine, espeaally when subjected 
to some definite system of color analysis, such as the Munsell disk 
or the Bradley top However useful such methods may be, they are 
open to the objection that they do not m any wise analyze the spectral 
hght reflected by the skm and therefore cannot record m terms of the 
three fimdamental attnbutes of color Furthermore, pigments and 
spectral colors are vastly different The spectral colors of white hght, 
such as sunhght, are pure colors, can be measured as to intensity, pur- 
ity, and so on, and are, therefore, readily standardized For instance, 
spectral yellow of a given wavelength (for example, 590 millimicrons 
or 5900 Angstrom units) is always the same yellow and can be repro- 
duced exactly 

ATTRIBUTES OF COLOR 

White hght can be made spectrally from certam quantities of red, 
green and blue of limited wavelength values or, again, from certain 
quantities of orange, green and blue of limited wavelength values 
according to the tables of Maxwell (7) and others (10) Unless a 
color IS described accordmg to its attnbutes, nothing defimte is stated 
regarding the color The three attnbutes of color are relative luminos- 
ity, dominant wavelength and punty Relative luminosity or bril- 
hance is necessary’’ if color exists at all It is often spoken of as bnght- 
ness, tint, value, or \nsual bnghtness In this particular attnbute, 
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bnefly the essential points of construction and operation A sphencal 
lamp house lined with zinc-oxide paint and holding two 400 watt 
stereopticon bulbs serves as a source of white light which remaiiis 



1, spherical hght house, 2, photometer, 3, ipectiometer, 4, wavelength scale, 5, 
photometne scale, <5, holder for standard sample, 7, holder for reflection samples, 
P, field of view through the eye slit, 14, sector dists, 17, entrance sht, IP, disper- 
sion pmm, and 20, bipriim 

constant dunng all the readings Smooth magnesium blocks at the 
rear of the sphere serve to reflect the bght through vanous transparent 
mediums (liquids) which may be placed m the path in the support 
(fig 2) In such eipenments as these, in which an opaque object 
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such as the sbn is to be studied, the holder for liquids is not used 
One of the magnesium blocks is replaced by the area of skin to be 
investigated We have recently devised a substitute for the regular 
attachment to the spectrophotometer which is water-cooled and 
which enables any portion of the body to be examined This device 
will be descnbed in subsequent paragraphs The two beams of light, 
reflected from the magesium block and the skin, respectively, enter 
the spectrophotometer to be analyzed The spectrometer is essen- 
tially the ordinary constant deviation type of instrument except for 
the addition of a bipnsm and an observmg sht at the exit The spec- 
trometer IS set at any desired wavelength by rotatmg the wheel, 4 , 
which serves to turn the pnsm of the spectrometer The amount of 
hght admitted to match bnghtness or saturation value is detemuned 
by the vanation m the sector opemngs m the rotatmg disks m the 
photometer This is controlled by a calibrated drumhead, 5 The 
unage at the observmg exit sht consists of two semiarcular colored 
fields separated by a horizontal hue The hue of these areas will be 
the same and will depend on wavelength only Equahty of bnghtness 
can be obtamed by turmng the photometer drumhead until an exact 
match IS obtained This reading (0 to 100 per cent) is then recorded as 
the percentage of hght reflected (or transmitted) at the particular 
wavelength at which the spectrometer is set Throughout this 
particular senes of observations the entrance sht was adjusted to give 
constant reflection of hght from the source of white light throughout 
the whole spectrum, and the entrance and exit shts were thereafter 
mamtamed at fixed values 

Readings are taken of the specimen under consideration by turmng 
the calibrated wheel, 4 , over a space of 10 to 20 millimicrons The 
percentage of hght reflected at each wavelength is read directly 
from the matchmg of bnUiance obtamed by tummg the drumhead, 5 , 
at the same tune A spectrophotometnc curve can then be plotted, 
usmg wavelengths of hght as the absassas and the percentages of 
reflection as the ordinates This gives graphic data which are readily 
transferable mto other values, as will be shown From such a spec- 
trophotometnc cur\ e an expenenced observer can detemune certain 
characteristics of the object under consideration by studying the form 
of the reflection cur%'e in particular regions of the spectrum Such 
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Fio 3 Water Cell Attachment to Replace Usual Holdb 31 s for Standard 
AND Substance to be Examned bt Methods of Reflection 
0 brass plaque coated vrith magnesium caibonatc 6, aperture in tbe ^tcr 
cooled holder hich is attached to the instrument, and c, standard in position 
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spectrophotometnc readings, since the}^ measure the spectral distri- 
bution of the color of the object eYamined and so actually measure 
the hght stimuli, are mdependent of the condition of color vision of the 
observer’s eye Therefore, all observers should get the same results 
Also, when a colored object is viewed by the same observ'^er with the 
naked eye under lights of different quality, the sensation produced 
under each hght will be different although the color itself has not 
changed physically Measurements made with a spectrophotometer 



Fig 4 Keutfel akd Esser Color A^ALYZER -wTra Water Cell Modification 
Attached, the Relation of the Instruhem to Sahple to Be Studied 

Is Shown 

, are mdependent of the quahty of the source of hght as contrasted to 
color observed by the method of colonmetr}’- or direct matching 

authors’ mater-cooled DEinCE TO PERMIT SPECTROPHOTOMETRIC 
EXAMINATIONS OF LUTNG MATERIALS 

The Keuffel and Esser color analyzer was onginally adapted to record 
reflection values from such opaque flat objects as paper, cloth, 
leather, soap flour paints, and the like, and to serv'^e as a basis of color 
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specification and color control To adapt the apparatus so that 
areas of human skm could be measured, it -was found necessary to 
modify the specimen holder Such easfiy available portions of the 
body as the back of the hand or the fingers could be read with the 
ongmal apparatus, although it was necessary to allow time for the 
coolmg of the lamp'housmg m spite of the fact that a current of 
au was allowed to play between the lamps and the specimen bemg 
eiammed In devismg a practical specimen holder it was borne m 
rmnd that although the distance from the source of hght could bo 
mcreased to ehimnate to some extent the effects of heat, the illumina- 
tion suSercd in direct proportion A solution to the problem was 
found m a thm metal water cell (figs 3 and 4) so constructed as to fit m 
the place of the ordinary holders and be directly attached to the spher- 
ical lamp-housing The circulation of the water serves to mamtam 
the cell at a constant cool temperature Small rectangular perfora- 
tions are cut mto the face of the cell, one above the other The distal 
surfaces are covered, m the lower case by a white refiectmg surface to 
take the place of the magnesium block m the ongmal standard. 
The sample to be tested is brought flush against the upper opetung, 
separated from the metal only by a thm layer of felt which is conven- 
iently changed for purposes of deanlmess and which acts to prevent 
a change of temperature m the skm A small, removable plaque, 
faced on the one side with white magnesium carbonate pamt, was con- 
structed and placed in the aperture ordinarily used for reflection pur- 
poses m case the instrument was to be used for transimssion qiectral 
studies It IS nectesary to take the game precaution with the white 
faangs on these metal plaques as with the standard magnesium blocks, 
for they must be kept smooth and dean throughout. They can be 
checked at the begmtung of any particular experiment to detenrune 
whether the reading of bnlhance on the sector scale is approximatdy 
100 per cent 

CONVEkSIO^^ or SPECTROPHOTOMETRIC DAZA, INTO TEEMS OF CX)LOR 
EXCITATION VALUES 

In Order to convert the curves of spectral reflection (or transmission) 
mto a form which can be interpreted directly m terms of color exata- 
tion values, it is necessary to make certain computations Probably 
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the most fundamental of all psychophysical data relating to color are 
the three color exatation curves which represent graphically the law s 
of a three-color mixture The principal data on these relationships 
w'e owe to Maxwell (7), Abney (1), and Konig and Dieterici (6) 
The results of the latest investigations on this matter, reduced to an 
equal energy spectrum and referred to average noon sunlight, are 
plotted m figure 5 

Spectrophotometric data are given generally m the form of curves 
of spectral transmission or reflection Such curves require combina- 



Fig 5 Elementary Color Excitations tor Different Wavelengths 


tion -with a certain energy distnbution representative of the particular 
source with which the object is illuminated m order that they shall 
become determinative of a defimte color The process of reduang 
any given set of spectrophotometnc data to exatation color values is 
therefore as follows (1) multiply each of the ordinates of the trans- 
mission or reflection curve by the correspondmg ordinate of the energy 
distnbution curve of the source, (2) multiply each of the ordinates of 
the resulting curre by the correspondmg ordinate of each of the color 
exatation functions as shown in figure 5, this being a separate opera- 
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tion for each of the three exatabons and yielding three separate 
curves which represent the respecbve exatation values for each 
wavelength of the given stimulus, (3) determine separately the areas 
of the three curves thus found, and (4) reduce the three areal values 
thus obtamed to percentage form, so that their determined ratio re- 
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■Vvfecve length (mlllimlcaTCins) 

Fig 6 Spectrophotouetkic Curves Obtained by REriEcnoN from the 

Finoebs 

Curve 1, normal blond, curve 2, normal mulatto 

mams unchanged but their sum becomes equal to 100 The color 
exatabon values can then be expressed by means of two numbers, 
representmg the red and violet exatabon percentages, that for the 
green being obtainable by subtracting the sum of these two values from 
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100 Complete details on these points are given in the report of the 
Committee on Colorimetry of the Optical Society of Amenca (14) 



Fig 7 \n\i.\sis of the Spectrophotometkic Data {Shovts GRAPmcAiri in 
F lGtTRE 6) INTO THE THREE PRIMARY ExOTATION CURVES 

Figure 7 contains the red, green and violet excitation curves for the 
spectrophotometnc data given in cur\'e 1 of figure 6, which was 
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obtained in the case of a young normal blond This curve of spec- 
trophotometnc reflection, as well as that which gives the subsequent 
analysis of this reflection curve into fundamental red, green and violet 



Fio 8 Percentage Color Exoiation Values 
Cun'e 1, normal brunet, curve 2, a case of Addison’s disease, curve 3, a normai 
negro, and curve 4, a case of acierodenna AH data were obtained from fingers 
held sUghtiy below heart level 

color values, shows the presence of spectral bands at 625, 580 and 540 
millimicrons respectively The bands at 580 and 540 millimicrons 
are due to the absorption of light b> the blood (oxyhemoglobm bands), 
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and the band at 625 millimicrons may be attributed to the presence 
of hematm m either the skm or the blood, or possibly both The 
conversion of the spectrophotometnc curves into color exatation 



Fig 9 Dojunant Wavelength and Pdeity Charts from Which the Hoe and 
THE Degree of Saturation May Be Obtained by the Use of Data from 
THE Percentage Excitation Calculations 

values, as outhned m the preceding paragraph, is much simplified and 
rendered more rapid by the use of a special color slide rule prepared by 
Keuffel and Esser (Hoboken, Nev' Jersey) for this purpose 
The summation of the values of the color excitations for the three 
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fundamental colors, red, yellow and violet, respectively, proceeding 
from 700 to 430 millmucrons (for example, tie separate excitation color 
curves shown in figure 7) gives the total red, green and violet exatation 
values respectively From the sum of the three separate summation 
values It IS easily possible to obtain the percentage of red, green and 
violet color exatations, respectively Figure 8 gives a group of such 
percentage color exatation values in the case of a normal brunet 
(curve 1) , a case of Addison’s disease (curve 2) , a normal negro (curve 3) 
and a case of scleroderma (curve 4) In the subsequent papers 
which deal with the rfile of pigmentation and of superfiaal blood a 
number of such analyses will be presented and discussed 

In addition to the data regarding the total color exatation values 
and the relative percentages of red, green and violet, respectively, 
m the white bght reflected by the skin, the dommant wavelength 
or hue and the percentage punty or saturation can be determined 
by the use of charts provided for this purpose A reproduction of such 
a chart which may be obtained in large dimensions from Keuffel and 
Esser, is shown in figure 9 Usmg this color tnangle and taking 
the percentages of red and violet determined from an analysis of any 
spectrophotometnc curve mto its fundamental red, green and violet 
components, we are able to find the dommant wavelengths (or hues) 
as well as the degrees of punty and relative lummosities 

SUMMARY 

In this paper we have presented and bnefly commented on (1) 
tintometnc methods for estimating the color of the skin, (2) the 
fundamental attributes of color, (3) spectrophotometnc apparatus 
and methods of procedure for obtaimng curves of the reflection, by 
the skin, of bght of vanous wavelengths, (4) the authors’ water-coolrf 
device to enable spectrophotometnc determinations to be made on 
livmg matenals, (5) spectrophotometnc analyses of the color of the 
skin, and (6) conversion of spectrophotometnc data into terms of color 
exatation values, percentages of fundamental red, green and violet 
reflected by the skin, dominant wavelength, punty and relative 
luminosity 
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THE COLOR OF THE SKIN AS ANALYZED BYSPECTRO- 
PHOTOMETRIC METHODS 

n The R6le op Pigmentation' 

Bv LOUIS A. BRUNSTING amb CHARLES SEEARD 

(From Ihe Saturn on Dermxtoloiy and Syf/iSotogy and lit DItmon of Phynci and 
Biopiyoioal Rutarck Tko Idayo Foundation^ Fockester) 

(Received for publication April 29, 1929) 

The color of the skm of human bemgs depends chiefly on the pres- 
ence of pigment and superficial blood Spectrophotometnc data on 
the reflection of visible light from the surface of the skm were obtained 
m a number of subjects possessmg vanous degrees of pigmentation 
Analysis of the spectrophotometnc curves obtamed for normal and 
pathologic subjects mto terms of red, green and violet exatation color 
values, and subsequent conversion of these values mto expressions of 
dominant wavelength, punty and relative lummosity, mdicate cer- 
tain fairly constant relations of content of pigment to the color of the 
skm 

Certam secondary factors contnbutmg to the amount of light re- 
flected from the skm, such as surface dirt, oil and moisture, were 
eliminated by makmg reasonably sure that the area under mvesbga- 
tion was dean Prehmmary readmgs apparently diowed that the 
presence of a small amount of hair or the obhteration of the normal 
rugae of the surface of the skm did not affect the percentage of hght 
reflected to any considerable extent. Only under pathologic con- 
ditions, mvolvmg espeaally the presence of an abundance of scales, 
were the reflection values materially altered It may be said m 
general that the local contour may be disregarded as a factor m affect- 
mg the color of the skm 

' The material in this paper was submitted by Dt Bruasting to the faculty 
of the Graduate School of the UnlVeraity of Mimesota in partial fulfillment of 
the recpifrements for the degree of Master of Science in Dermatology and 
SyphOology 1929 Work done in the Division of Physics and Biophysical 
Research 
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Schultze (4) attempted an analysis of the utilization of hght by the 
skin as mamfested by its spectral reflection and transmission He 
used a photographic-photometnc method of recording the hght re- 
flected by the skm, further analyzed the results by means of a Marten’s 
polarization photometer, and plotted the curves in percentages of 
reflected hght The results of Schultze give information regarding 
the total reflection of visible hght by the skm m various areas of the 
body under controlled conditions Although the results do not em- 
body a monochromatic analysis of the reflected hght, they show that 
pigmentation tends to dimmish the amount of hght reflected by the 
skm 

Domo (2), using similar methods observed vanations in the reflec- 
tion of hght by the skm as affected by race, age and sex He like- 
wise noted general dimmution of the hght reflected under conditions 
of mcreased pigmentation 

Sonne (8) estimated that the skin of a normal person was capable of 
reflecting approximately 35 per cent of the visible hght falhng on it 

Sheard (5), and Sheard and Brown (6) were among the first to 
apply spectrophotometnc methods to dmical mediane m a senes of 
observations on the color of the skm m vanous normal and pathologic 
conditions, and were probably the first to analyze the resultant spec- 
trophotometnc reflection curves mto percentages of fundamental red, 
green and violet exatation color values, dominant wavelength and 
saturation The senes of mvestigations reported here is essentially 
a continuation of their work 

The direct-readmg spectrophotometer, known as the Keuffel (3) 
and Esser color analyzer, with the author’s water-cell modification 
(1), was used throughout these mvestigations The cleaned surface 
of skm was brought flush agamst one aperture of the water-cooled 
cell, with constant conditions of temperature and pressure Readmgs 
were made directly m terms of the percentage of hght reflected from 
the surface 

In order to evaluate the r61e of pigment as a factor m contnbuting 
color to the skm, comparative records were obtained on subjects 
presentmg vaiymg gradations of pigmentation under normal and 
abnormal conditions The following distmctions were observed 
(1) variations over several areas of the body of the same subject, (2) 
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vanations among different subjects classified according to type, as 
blond or brunet, (3) vanations m subjects of different races, mdud- 
mg the so-called white, black, yellow and red races, (4) a comparison 
of normal values with the data obtamed for subjects manifestmg ab- 
normal degrees of pigmentation, such as m Addison’s disease, arsenism, 
argyna and jaundice 



Fio 1 SPECisopHOTOUEnuc Reflection Coiives of the Skin of a Noshal 
S oBjECT 1 , Chest, Z, Cheek 

VARIATION IN PIGMENTATION IN THE SAKE SUBJECT 

It IS self-evident that the normal skm presents an amount of pig- 
ment roughly proportional to the amount of habitual exposure to the 
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sun and the elements There is a wide vanation in pigmentary 
response m the same subject, as well as in different subjects, to expo- 
sure to sunhght 

Figure 1 represents two curves from the same subject showing a 
record of the hght reflected from the skm of the cheek as compared 
with the chest In general form the curves are similar, that is, they 
maintain a similar Imear relationship However, there is a constant 
difference m the percentage of light reflected throughout the visible 
spectrum, more bemg reflected from the chest (which is ordinarily 
protected from sunhght, as m this mstance) than from the cheek, 
which IS more or less exposed This difference m the amount of re- 
flection represents a distinction in relative luminosity or bnihance of 
the areas under consideration The curves show decreased percent- 


TABLE 1 

AfiaJysts of color values obtained from sputropholometnc curves of figure 1 


Carve 

Area 

Total color 
excitation 

Rea 

Green 

Violet 

Dominiuit 
wavt- 
length j 

Purity 

Relative 

luminosity 



until 

percent 

percent 

per cent 

ViiUi 

microns 

per cent 

percent 

1 

Chest 

6,708 

41 5 


25 8 

598 

26 

36 7 

2 

Cheek 

3,703 

44 1 

IBI 

24 2 

600 

33 

20 5 


ages of reflection at the regions correspondmg, approximately, to 540, 
580 and 630 millimicrons, respectively That these are related to the 
presence of superfiaal blood seems likely, as stated by Sheard and 
Brown (6) , absorption at 540 and 580 millimicrons is due to oxyhemo- 
globm and at 630 millimicrons is probably due to hematm Zones 
of decreased reflection, as shown m the curves, are more pronounced 
m the reflection curve obtamed from the surface of the chest than from 
the cheek, masmuch as the amount of pigment mterposed is corre- 
spondmgly less The influence of pigment on these absorption 
bands is to minimize them This will be brought out more fully later 
m the paper 

Table 1 represents a summary of data obtamed by an analysis of 
the spectrophotometnc cuni’^es m figure 1, foUowmg the methods 
outlmed by the Comimttee on Colonmetry of the Optical Soaety of 
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America (10) , these methods consist of the translation of reflection 
values mto terms of color, namely hue or dommant wavelength, 
punty, and bnlhance or relative luimnosity In general, the quantity 
and quahty of color are expressed m terms of stimulus or color exata- 
tion umts, which mdude the summated values of the red, green and 
violet These values determine the mdex of saturation or punty of 
hue as well as the dommant wavelength The exact procedure used 
in the analyses is discussed elsewhere (1,7) 

Pigmented skm reflects less light than nonpigmented skin, and 
stimulates fewer color exatation umts, givmg a diminished percentage 
of total brilliance The skm of the cheek, m this instance, has a 
relative luminosity value of only 20 5 per cent, as compared to 36 7 
per cent for the skm of the chest. The relative percentages of red, 
green and violet are an mdex to the hue and the degree of hue, satura- 
tion or punty In this instance there appear to be higher percentages 
of red and lower percentages of green and violet color exatation values 
obtamed from the cheek than from the chest and correspondmgly 
different percentages of punty Nevertheless, the red, green and 
violet values m each instance mahitam a Imear relationship m spite 
of the difference m color exatation umts produced by the two areas 
under consideration This holds true regardless of changes m the 
quantity of pigment present 

VARIATIONS AMONG DIFFERENT SDBXECTS CLASSIFIED ACCORDING TO 
TYPE AS BLOND OR BRUNET 

A senes of blonds and brunets, selected at random, was investi- 
gated with reference to variations of pigment content of the skin of 
widely separated areas of the body Spectrophotometnc reflection 
curves were obtamed from the cheek, chest, inner side of the arm and 
the dorsum of the middle finger, the hand m the last instance bemg held 
about 18 cm above heart level to reduce the quantity of the superficial 
venous blood These curves were analyzed m each instance mto the 
attnbutes of color, and the resultant data are given m table 2 

Quantitative estimates of the mtensity of pigmentation can be made 
readily from these data The mdividual values for the amounts of 
red, green and violet are maintained at a faurly constant level This 
results m httle, if any, change m the hue or dommant wavelength. 
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■which remains appro-omately at 590 imlhimcrons This corresponds 
to pure spectral yellow Like'wise the punty or saturation is a func- 


TABLE 2 

Analyses from speclrapholomelrtc curves of normal blonds and brunets to demonstrate 
variation of pigment over body areas more or less exposed to light 


Caje 

Type 

Age 

Sex 

Area 

Total eidtallon 


Green 

Yiolet 

V 

a 

a 

Purity 

Relative 

luminosity 






units 

per 

cent 

per 

unt 

per 

cent 

mirn- 

microns 


per 

cent 





Chest 

7,295 

m 


IFCTi 

595 

27 

39 0 

1 

Blond 

28 

F 

Hand above 

6,812 

Elil 

32 3 

27 6 


21 

36 3 




1 

heart level 











f 

Chest 


39 2 

34 3 

26 5 

587 

26 

44 3 

2 

Blond 

22 

F 

Hand above 

6,775 

39 3 

34 4 

26 3 

587 

26 

36 9 




1 

heart level 











[ 

Chest 

8,422 

39 5 

34 2 

26 3 

590 

27 

46 1 

3 

Blond 

18 

F 1 

Hand above 

7,848 

Rile 

33 8 

26 2 

590 

27 

42 7 




1 

heart level 








A 

Blond 

32 

m{ 

Chest 

8,579 

39 0 

34 1 

26 9 

590 

24 

44 2 


Cheek 

5,973 

40 3 

32 8 

26 9 

598 

23 

33 0 




f 

Inner side of 

6,924 

43 9 

34 6 

21 5 


43 

41 7 

5 

Brunet 


M 1 

arm 











1 

Cheek 

4,372 

41 2 

34 0 

24 8 

590 

31 

24 3 




f 

Inner side of 

6,601 

41 3 

35 2 

23 5 

587 

37 

37 3 

6 

Brunet 


M 

arm 











1 

Cheek 

3,710 

43 9 

33 3 

22 8 

597 







Chest 


42 0 

32 6 

25 2 

596 


28 1 

7 

Brunet* 

32 

F 

Hand above 
heart level 

5,706 

41 3 

1 

24 7 

592 

28 

32 4 





Cheek 

aiii 

41 2. 

32 8 

26 0 

596 

27 

26 8 


* Much generaUzed tanmng 


tion of "the amount of red, green and violet color excited The blond 
tjTpes manifested a more constant percentage of punty, rangmg from 
21 to 37 per cent, than did the brunet tj^pes, whose percentage vaned 
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from 27 to 37 per cent, with one value as high as 43 per cent In 
general, as the percentage of red summation mcreased, the percentage 
of violet decreased, with very httle vanation in the percentage of 
green cobr That is to say, the Imear relationships were preserved 
in these types of hght and dark complexions 
The bnlhance, however, underwent marked vanation, and appar- 
ently in duect proportion to the absence of pigment present m the 
specimen of skm under observation The amount of pigment de- 


TABLE j 

Aiialyset Jram tpectrofhotomelnc cuna of a Ntyo Ckincte and Japanest 




1 


1 











3 



1 





Acs 

Scr 

Area 

'8 



i 



el 





1 


P 

■S 1 
^ 1 

s 

1 

II 






K 

0 


t5 ' 

cw 






•uiti 




mSU! 




1 



(tnJ 

(tni 

CtMl 

miatiu 1 

ent 

anJ 




Chest 

3,316l 

42 4 

33 8 

23 8 

590 

35 

18 fi 

Negro 

42 

u 

Hand abo\ e 

1 272 

44 3 

36 3 

19 4 

585 

50 

7 5 



heart level 











Chest 

6 , 32 } 

39 8' 

35 9 

24 5 

585 

33 

33 7 

Chinese 

40 

M ' 

Malar region 

5,753 

42 9 

34 0 

23 

590 

33 

32 0 

Hand above 

4,883 

39 0 

34 7: 

26 3 

585 

28 

27 2 




heart level 

1 


1 







[ 

Inner side of 

1 

5,240 

39 5 

33 0 

27 5 

595 

22 

28 0 

Japanese 

30 

ul 

ann { 

Hand above 


40 4 

34 8 

24 8 

587 

31 

! 24 3 



i 

heart level 









tenmnes the total amount of the summated eiatation values for red, 
green and violet For instance, m the case of a brunet, skm from an 
area such as the chest or the mner side of the atm (which had received 
very httle exposure to sunlight) would reflect m some cases more light 
than skin (blond) which had become heavily pigmented through con- 
stant exposure Although pigment affects the brflhance of color, m 
and of Itself, it docs not alter the values of the dommant wavelength 
and punty Blonds and brunets are undistmguishable except for 
relative variation m brilliance or lununosity 
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VanaUons m siibjccls of different races 

The color of the skin has always held an important place among 
typical cntena of race Records have been obtamed on a number of 
subjects (fig 2), of which the values for a full-blooded negro, a Chinese 
and a Japanese are tabulated for purposes of companson (table 3) 
The skm of the negro reflects considerably less light than the skin 
of the Japanese or the Chmese A percentage of relative luminositj^ 



Fig 2 A Series of Spectrofhotometric Curves by the Reflection Method' 
Obtained from the Skin of Subjects of Various Races 

or bnlhance of 7 5 as obtained in the area of skm from the dorsum 
of the hand of the negro The surface of the chest, however, which 
was ordmanly covered, reflected 18 6 per cent of the light faUmg on it 
hloreover, the percentage values for red, green and violet appear to be 
m a different relation to each other Nevertheless they have main- 
tained the same Imear relationship, as demonstrated m the skm of the 
uhite subject. The punty of the color m the area of the hand reaches 
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50 per cent, but the hue or dommant wavelength remains constantly 
near the region of 590 mlUnnicrons 



Flo 3 PEExaarrAOE Colok Exchahon Values Obiatned mou Specxro 
rHOTOMExuc Data in Pessons ExHtBiriNO Vartono Dzobees or 
Pigmentation 1, Chinese, 2, Neoeo, 3, Blond, 

4, Brunet and S, Japanese 

Data obtamed by the reflection method, after bemg analyzed into 
fundamental red, green and violet components for the blond, brunet, 
negro, Chmese, and Japanese have been plotted and are shown 
graphically in figure 3 On the basis of specification of color alone. 
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a definite distinction cannot be made as to whether a subject is a 
member of one race or another 

Todd and Van Gorder (9) in anthropologic studies on the skin of 
the Amencan negro, utilized the sj'stem of spmmng tops (Bradley) 
to estimate the composite colonng of the slon wil^ particular regard 
to the content of the black pigment This work was part of a larger 
research on the correlation of vanous physical features and was 
presented as an effort to promote greater accuracy in the quantitative 
estimation of the color of the skm The method does not provide 
for the analysis of color as defined accordmg to its attributes of hue, 
punty and relative luminosity, but tabulates the records obtained in 
the registration of bnghtness, or lack of it, in the skm of the negro 
Our work confirms the impression of these authors that the color of 
the skin IS a faulty raaal test when used mthout regard to other physi- 
cal features of the body 

We have had the opportunity of making spectrophotometnc exami- 
nations of the color of the skin of a group of native Amencan Indians 
of three distmct tnbes As far as could be determined by physical 
inspection, or ascertamed by direct questioning, these Indians were 
free from an admixture of white or negro blood Table 4 presents an 
analysis of data obtamed from reflection curves of the skm of vanous 
parts of the body m subjects of both sexes and of different ages 

The Amencan Indian has long been known as a member of the 
“red” race This name seems to have been given the race because of 
the custom of smearmg their faces with ochre and not because of any 
redness m the skm itself Chmcal inspection of the skin of the Amen- 
can Indian suggests a color resembhng bronze As far as is known to 
us, an attempt has not been made previously to analyze the color of 
the Indian skm according to accurate standards of color 

The uniformity of results obtained in the data representmg funda- 
mental color values, as shown in table 4, is of particular mterest 
The vanous areas of skm observed show a degree of bnlliance or rela- 
ti\e lummosity mversely proportionate to the density of the screen 
of pigment present This relationship was demonstrated similarly 
in an anal> sis of the other raaal types, namely, the white, black and 
>ellow The hands and face are, of course, much darker than such 



Tribe 


Am 


^Vl^lnebago 


K-Iowa 


Osage 


Chest 

Malar rcgiOQ 
Band above 
heart lev'el 

Cheat 

^lalar region 
Hand above 
heart level 


( Shoulder (pro 

40 Step- 

fXr 

Hand at heart 


( Breast 
Malar region 
Hand at heart 
level 


Molar region 
Hand at heart 
level 


Shoulder (pro 

Hand at heart 
1 level 


{ Malar regwn 
Hand above 
heart level 


1 Malar region 
Hand above 
heart levxl 
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TABLE i— Concluded 


Tnbe 

Age 

Sci 

Area 

Total excitation 

■8 

Pi 

Green 

Violet 

O 

3 

K 

Punty 

Relative 

luminosity 






vrtf' 

per 

fitr 

pfr 

tnsih- 

per 

per 







cen 

cent 

cent 

mterons 

cent 

cent 




f 

Malar region 

5,838 


32 7 

30 3 

60S 

roil 

29 3 



10 

Son { 

Hand at heart 

aicw 

39 2 

33 9 

26 9 

590 

24 0 

16 4 




1 

level 








Osage 















f 

Malar region 

6,117 


33 5 

28 5 

595 

18 0 

32 5 



B 

Son \ 

Hand at heart 

2,737 

39 4 


26 6 

590 

26 0 

14 9 



■ 

[ 

level 









protected areas as the trunk This would be expected from the 
difference m habitual exposure to sunlight 

The hue or dominant wavelength throughout the entire senes of 
Indians averaged 593 mdhmicrons, if the malar areas are excluded 
The malar areas m most of the cases exammed appeared to contain a 
little more red, m one case attaimng 620 millimicrons The average 
was 603 millimi crons This departure may be because of some 
anatomic pecuhanty of theskm m the malar area, especially as regards 
Its texture, which may allow an undue influence to be exerted on the 
color of the skm by the superficial capiUanes and telangiectasia so 
commonly found m this region 

The subjects from the Winnebago and Kiowa tnbes revealed a 
level of hue which was s imil ar to that recorded previously for other 
subjects regardless of race The values of pimty are relatively high 
except m two instances, namely, m the malar area of the second Win- 
nebago Indian (11 per cent) and m the hand of the fourth Kiowa 
Indian (9 per cent) In these cases it is possible that the presence of 
superfiaal blood may have affected the readings obtamed The 
relative lummosity or brilliance is uniformly low, as would be ex- 
pected, since the skin of the Indian, like that of the negro, presents a 
dark surface and hence reflects little hght In no case did the bril- 
liance exceed 30 per cent m the lightest areas, and m one case (m the 
hand of the first Kiowa Indian) it dropped to 6 5 per cent, the lowest 
]e\ el of any of our records 
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The Osage Indians were a family group and presented a few vana- 
tions distin gu ishin g them from the other types of Indians, although 
perhaps not charactenstically so The dommant wavelength lies 
in the orange region of the spectrum, in one instance at 620 mlllimi- 
crons The relative proportions of red, green and violet show a change 
m the hnear relationship by a lowenng of the value for red and some- 



Fic 4 Pehcektaoe Coior Exoiation Vauxes frou Spectrophotouetric 
Data in mE Osage Indian Faiuly Grodp 1 , Son, 2, 

Son, 3 , Father, and 4, Mother 

times an exaggerated mcrease m the value for violet A break in the 
hnear arrangement of these percentage values is reflected, m turn, m 
the values of the dommant wavelength and punty 
Figure 4 is a graphic representation of the percentage values re- 
sulting from an analysis of the reflection curves obtamed m the four 
members of the Osage Indmn famil} Curves 1, 3 and 4 show a shght 
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tendency to deviation from a straight hnc as drawn through the 
speafied value of the green component This is espeaally so in 
curve 4, which is the record of color values from the malar area of the 


TABLE S 

Anahscs of spcclropholomclric data in subjects presenting pigmentary disturbances 


Type 

Age 

Sex 

Area 

C 

o 

2 

C 

a 






>i 

si 





3 


0 

g 

u 

'5 

D 

3 

n 

31 






« 

o 

> 

K 

fa 

Pi 





Ufll/s 

per 

per 

fer 

millt 

per 

per 





cent 

cent 

cent 

mtCTons 

cent 

cent 

Argyna (confirmed 
clinically and mi- 

40 


Breast 


37 2 

34 2 

28 6 

586 

18 

f !Vi 

M ' 

Malar region 
Hand at heart 


1 

34 2 
33 6 

1 

587 

590 

i 


croscopicaUy) 



level 








Chest 

5,735 

36 7 

33 4 

29 9 

590 

12 

30 0 

Addison’s disease 

36 


Malar region 

3,467 

41 9 


24 1 

590 

34 

20 0 




Hand at heart 

2,425 

40 9 

32 4 

26 7 

590 

25 

13 0 




level 










Back (pig- 

5,354 

41 6 

34 9 

23 5 

587 

36 

30 3 




mented) 








Arsenism 


M 

ilalar region 

4,274 

42 4 

33 2 

24 4 

595 

32 

22 6 




Hand at heart 

2,787 

43 7 

34 5 

21 8 

590 

41 

16 6 



N 

level 











Back (pig- 





585 

45 

34 6 




mented) 








Arsenism 



Forehead 

5,084 

43 3 


22 7 

590 

m 

28 8 




Hand above 


45 7 

34 3 

CTil 

590 

45 

21 7 



. 

heart level 










f 

Alalar region 

5,156 

41 8 

33 3 

24 9 

595 

m 

28 4 

Jaundice 

43 


Hand above 

5,371 

37 3 

35 4 

27 3 

580 

24 

28 3 



1 

heart level 









mother of the family Curve 2 is a straight hne, bemg similar in this 
respect to all the previous readmgs obtained on subjects regardless of 
race or degree of pigmentation Subsequent readings in other con- 
ditions have indicated that the vanations presented by the curves 
1, 3 and 4 are indicative of the influence exerted by the superficial 
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blood on the color of the skin This will be dealt with m greater 
detail in study III of this senes We may assume that the skin of this 
group of Osage Indians, bemg of unusually fine grained and t h in tex- 
ture, allowed greater penetration of the surface blood as a factor m 
influencmg its color 

VAEIATIONS IN SUBJECTS UANIFESTINO ABNOEMAL TYPES AND DEGEEES 
OF PIGMENTATION 

Further data were obtamed on tjrpes of pigmentary disturbances 
m order to p ermi t of a companson of these data (table 4) with similar 
analyses of subjects showing normal variation in pigmentation accord- 
mg to exposure to sunhght or to racial type alone The results are 
given m table S 

The argyna was evident on chmcal inspection and was of many 
years’ standing SQver mtrate had been administered for the treat- 
ment of ulcer over a penod of several years The diagnosis of argyna 
was confirmed by histochemical studies on a section of skin removed 
from the neck Analysis of the curves obtamed does not mdicate 
any marked vanations from the gradations of normal pigmentation 
previously mvestigated The dommant wavelength remains at 586 
to 590 millimicrons, the percentage of relative lummosity vaned 
according to the amount of habitual exposure of the part, although 
a value of 43 per cent m the region of the breast mdicates lack of pig- 
ment, ather of melanm or sUver The punty or saturation tends to 
be fairly low and this may be related to the metafile luster characteris- 
tic of argyna 

The values for Addisonian and arsemcal pigmentation are not differ- 
ent from those obtamed m subjects exhibitmg normal vanations m 
pigment. The amount of bnlhance recorded by the two ruspg of 
arsenism is of mterest The areas of skin on the back were particu- 
larly pigmented and were found to be the darkest areas on the body 
However, m each case, values nere obtained showmg a reflection 
of more than 30 per cent of the total hght falhng on the surface This 
bears out the statement made previously that the eye is a faulty in- 
strument for analyxmg the quantity and quahty of color 

Records were obtained from two subjects mth jaundice and the 
curves analyzed as in the previous instance The intensity of the 
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jaundice Mas quite pronounced, m each case quantitative estimation 
of the serum bdirubm by the van den Bergh technic showed IS to 20 
mgm for each 100 cc of blood The spectrophotometnc data in 
these instances, when analyzed into the fundamental attnbutes of 
color, show that jaundice of itself does not alter the normal relations 
of the color of the skm The percentages of red, green and violet 
color and the hue, punty and relative luminosity are practically 
identical in the subjects with jaundice and in the Japanese and Chinese 
(table 3) It is reasonable to suppose, however, that degrees of jaun- 
dice will reflect themselves m the punty or saturation value of the 
hue predommatmg in the skm However, it is qmte evident that 
the fundamental hue of the skin is not altered by subsequent deposits 
of bilirubm such as occur m jaundice, without regard to the intensity 
of the process 

Staimng of the tissues of the body by other pigments is occasionally 
seen after excessive ingestion of such substances as carrots, spinach 
and egg-yolk, which contam a relatively high percentage of hpo- 
chromes such as xanthophyU and carotm These pigments play an 
important part m the coloration of leaves and flowers and undoubtedly 
also contnbute the yellow color to animal fat such as that which is 
present m the subcutaneous tissue Preliminary investigations on 
subjects givmg evidence of coloration of the skm from such products 
mdicate that the spectrophotometnc data obtained will be exactly 
similar to the records of the subjects with jaundice 

Pigment is one of the few substances which is enjoyed m common 
by plants and animals In plants there is a zonal distnbution of 
color dependmg on the amount of exposure to the direct rays of the 
sun In seaweeds, for instance, there is gradation from a green color 
on the surface, through olive, orange and red as the dunly lighted ocean 
bottom IS approached This affords an admirable adaptation to 
enxnronment It may be true m animals, as m plants, that the pig- 
ment on the surface of the body acts m some degree as a regulator of 
metabolism The fundamental hue of the human skin remains con- 
stant m the spectral region of 590 millimicrons regardless of the 
amount of habitual exposure of the subject to sunlight Melanin is 
laid down as a screen, separatmg the external environment, on the 
one hand, from the blood and deeper tissues, on the other It may 
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act as a filter m regard to irradiation to whicli the surface of the body 
IS exposed, possibly barring, by reflection, such fractions of energy as 
are mjunous and unsuitable, and admitting by absorption such por- 
tions as are desirable, converting them mto a form of energy convem- 
ent to immediate service or adaptable to storage for the future needs 
of the organism 


CONCLUSIONS 

1 Spectrophotometnc analysis of the human slm demonstrates 
certain fairly constant features regardmg its color 

2 The fundamental hue or dominant wavelength of the skin lies 
m the spectra] region 590 millimicrons (sodium yellow) 

3 Deposition of melanin m the skm m response to more or less 
exposure to sunhght does not disturb the hue or punty of its color but 
decreases the relative luminosity The more melanm present, the 
lower the percentage of hght reflected from the surface of the skin and 
the lower the bnUiance 

4 Pigment is not a raaal characteristic. The same hue prevafls 
m the white as m the so-called black, red and yellow races 

5 Deposits of pigment in disorders of the skm do not alter the 
fundamental attnbutes of its color except as they lower the value for 
brflhance 

6 Jaundice m the skin can be estimated quantitatively bqt it does 
not affect the normal values for hue, punty or relative lummosity 
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Vanation m the superfiaal blood supply undoubtedly plays a more 
unportant rile m the production of changes m the color of the skin 
than does an increase or decrease m the pigment This accounts for 
the difference m subjects who are fairly well matched otherwise with 
regard to content of cutaneous pigment In general, the pigment, m 
proportion to its amount, prevents the superfiaal blood from attam- 
ing viEibihty Changes m color m the brunet, attributable to 
alterations in the circulation m the skm, are less noticeable than the 
same changes in the blond, and m the negro they are practically 
neghgible This holds true for the sLin of the same thickness, it 
bemg quite obvious that the skin of the pahns or soles or other hyper- 
keratotic areas will permit less light to penetrate than will the thm 
covenng of the malar prominence or the dorsum of the hand 

The color which the blood imparts to the skin is directly related to 
the amount or quality of the blood present m the penpheral vessels 
The size of the artenes, capiUanes, and venules vanes with the degree 
of pressure behind them and with the volume of blood to be accommo- 
dated In conditions of hypertension one would expect more force to 
be exerted penpherally than normally In the dependent areas of the 
body, such as the legs and hands, the elements of gravity and stasis 
of sluggish flow are added In cases m which the total blood volume 

* The material m this paper was Eubmitted by Dr Brunsting to the faculty of 
the Graduate School of the University of Minn^ta in partial fulfillment of the 
requirements lor the degree of Master of Sdence la Dermatology and Syphilology, 
1929 \\ ort done m the Divukm of Physics and Blophj-sical Research 
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and cells are increased, as m polycj^tliemia vera, there is correspond- 
ing engorgement of all parts of the vascular tree, including the ves- 
sels of the skin, and an attempt is made to establish peripheral 
collaterals 

Deviations from the normal ovygen unsaturation of the hemoglobin, 
as in cyanosis, cardiac or pulmonary decompensation, carbon monox- 
ide poisomng, methemoglobmemia, and sulphemoglobinemia affect the 
color of the blood itself macroscopically, and so influence the color of 
the skm overlymg it at any given time Likewise, alterations in the 
serum content of vanous dyes, such as bilirubin in jaundice, and 
xanthophyll and carotm through mtestinal absorption, reflect them- 
selves to a certam extent in changes m the color of the skin 
Physiologic vanations in the area of exposure of surface blood for 
each umt of surface area of the skm are well known Vasodilation 
and vasoconstnction occur following changes in the environment, such 
as heat and cold, and irritation locally by faction, or by the applica- 
tion of medicaments, or again followmg a disturbance of the emotions, 
as is seen in blushmg or m blanchmg from fear 
Quantitative estimations of the amount of exposed surface of the 
blood m polycytheima vera have been made by Brown and Sheard 
(1) by means of physical measurements obtamed from projections of 
mstantaneous photomicrographs of mmute areas of skin Computa- 
tions m several cases of polycythemia vera tended to show that the 
surface capillaries occupied more than three tunes the allotment of 
surface area for the normal subject Undoubtedly this accounts for a 
good deal of the change in color seen m such cases Tintometnc 
stuches of color were also made but were not wholly satisfactorj'' 

The spectrophotometnc measurements which we arc presenting 
aim to show the relative components which enter into the color of the 
skm when it is subjected to vanations in local blood content, either 
m quantity or quality The water-cell modihcation of the Kcuffcl 
and Esser color analyzer was used in all the cases, speaal care being 
given to the area of skm under consideration to avoid extremes of 
temperature, which might produce local vasodilation or vasoconstnc- 
tion, and also to axoid undue pressure locally, which might obliterate 
the superfiaal vessels to occasion blanching 
Sheard and Brown (7) mentioned the presence of absorption bands 
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occurring constantly m the reflection curves corresponding to the 
speaal regions, 630, 580 and 540 millumcrons, respectively These 
were interpreted as being due to blood elements, namely, hematm in 
the tissue cells which would affect the percentage of reflection of red at 
630 to 640 millimicrons and oxyhemoglobm at 580 and 540 millimi- 
crons Such absorption bands occur uniformly throughout the curves 
obtamed m the senes reported here They are most evident in blonds 
and least evident m the Indians and negro, inasmuch as the superfiaal 
blood IS more or less obscured by pigment The band at 630 milli- 
microns IS probably the least constant, bemg the first to disappear 
with a decrease in the visibihty of the exposed area The most 
constant region of change in reflection values is found at 580 milli- 
imcrons There is a sudden decrease m values m the curves of reflec- 
tion from the yellow to the red regions, with a mi nim al v^ue at about 
580 tmUitmcrons It is of interest that the dominant wavelength 
of the normal skin hes at about this pomt 

Schultze (5), and Domo (2) also noted this area of lowered reflec- 
tion values m the general region of 540 to 580 rmllumcrons There 
was more vanation m percentage of hght reflected with changes m 
pigmentation in this spectral region than m the red end of the spectrum 

The reflection of light m the violet end of the spectrum was um- 
forinly low in percentage as compared with the red values but not as 
low as for the region 540 to 580 millimicrons Schultze noted that 
this corresponds to the energy distribution curves of Hausser and 
Vahle (4), and demonstrated radiation of total energy m the violet 
region of only 0 7 per cent of that radiated in the red region of the 
spectrum Other evidence in the literature m regard to the analysis 
of hght reflected by the skin as affected by the presence of blood is 
smgularly lacking 

THE REFLECTION OF LIGHT FROM THE SKIN AS AFFECTED BY THE 
ABSENCE OF BLOOD 

Probablj the most stnkmg of all color changes m the skin is that 
which appears after death We attempted a comparison of the re- 
flection values and their analyses m the living subject with specimens 
obtamed postmortem An area of skm about 6 by 6 cm was obtamed 
from the lower part of the chest, in each case soon after death One 
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specimen was from a blond, ihc other from an American Indian The 
skin was denuded of fat and blood, spread on a board and stretched 
to .ippro\imatcl\ its normal ‘-ifc and held b\ thumb tacks The 
surface was wiped dr\ and readings were made immediately by plac- 
ing the specimen against the usual opening m the water-cooled cell 



I'lc 1 SrrcTKoniOToiu'TKic UrrercrioN Curnxs I, Smn or the Chest of a 
XOKMAl Lu ISC III OM), COWrAKl D WITIlf , SKIS OnTAISEX) POSTMORTEU 
lUOM THF CuFST 01 A III OSD OF Till SaMF T\TE 


adapted to the color anaU Fcr I'or purposes of comparison, records 
w ere obtained from a normal blond and a normal Indian of approsi- 
matcly the same body Upc and bod^ area and of the same sex 
Figures 1 and 2 represent spectrophotometne curv’cs of the reflec- 
tion values obtained in tlic normal subject as compared to the con- 
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ditions postmortem Curve 1 in each case shows the relative differ- 
ences in total light reflected by the skm of the blond type as contrasted 



Fio 2 Sfectrophotoueihic Reflection Curves 1, Skin of the CHEat of a 
Normal Living Osage Inuian, Compared with Z, Skin Obtained Post 
mortem from the Chest op an Osaoe Indian of the Same Type 


TABLE 1 

Analyses from spacirapliatameiric cums of figures 1 anJ Z wUh a eamfiarison oflmnt bland 
and Indian skins with specimens obtained postmortem 



Tot*l 






Bril* 

TUnce 

Type 

color ex 
dutka 

Red 

Oreen 

Violet ^ 

Hat 

1 

Purity 


w/ti 


fwcnrti 


wdUt 

tnkrtnj 

1 

>ercml 

Blond 








living 

7,339 

38 8 

34 9 

26 3 

586 

27 

40 0 

Postmortem ■ 

Indum ' 

9 664 

36 3 

36 3 1 

1 

27 4 

575 

2d 

51 4 

Living 

3,015 

44 8 

32 9 

22 3 

595 

39 

16 7 

Postmortem 

4,895 

39 7 

37 2 

23 1 

S80 

40 

27 0 


to that of the dusky Indian The reflection values of normal Indian 
skm reach a hgure of 50 per cent m the red end of the spectrum 






^98 SPrXTnOl’HOTOMI tr\ of skiv stjperficml blood 

The irregularities in Uic normal curves and the absorption regions or 
spectral bands at 6%, 580 and 540 millimicrons, respectively, are to 
be noted T iicsc are conspicuous lij their absence in the cur\ es from 



Fig 3 CuR\rs of Riwtim Lomi\osit\ 7, Normal Blond Sun, and 2, 
Biond Skin Studifd I’ostmortfm, to Show Vafiation in Brilliance 

the bloodless skin obtained postmortem Obliteration of these bands 
is probably the most striking demonstration possible of the relation- 
ship of these absorption regions to the blood elements present in nor- 
mal skin There is increased reflection of light in the region, 430 to 
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580 millnnicroiis This is more marked in the case of the hght skin 
than n tl v. pigmented Indian skm, -with little absolute change m the 
region of the orange and red Analysis of these spectrophotometnfc 
curves into color exatation values and their conversion into the 
attributes of color are shown in table 1 
The total exatation values reveal the extremes of hght and dark, 
types and are interpreted m terms of brilliance The blood m the 



Flo 4 Curves op Relative LuuiNosrrv 1 , Normal Skin op Osage Indian, 
AND 2, Skin Obtained Postmortem prou an Osage Indian of the 
Same Tvpe, to Show Varmtion in Brilliance 

superfiaal skin acts with the pigment to lower the percentage of hght 
reflected, the blood itself accounting for 10 to 12 per cent of the degree 
of brilliance, as is seen m figures 3 and 4 The curves obtained from 
skm free from blood are symmetnc and smooth, and those of the living 
subject tend toward diminished brDliance from wavelength 500 milli- 
microns toward wavelength 580 milhmicrons, with a deeded dip m the 
region of 580 millimicrons (oxyhemoglobin) which is more noticeable 
m the skin of the blond than m that of the Indian Beaded rearrange- 
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mcnt IS effected m the distribution of the various percentages of red, 
green, and \ loiet, as is sliou n graphically in figures 5 and 6 Curve 1 
represents the normal linear arrangement of the summated values 



Red Green Violet 

Fig S PFHcrNTACE Coion L\citatiov Values J , Sion of NoRiLVL LivaNC 
Blond, and 2 , Biond Skin Studied Postmortem 

expressed m percentage form for botli tlie blond and Indian Imng 
skins Curve 2 shows tlic departure from the linear relationship 
obtained from an analysis of the same types of skin minus the blood 
only The percentage decrease of light reflected in the red with cor- 
responding elevation m tlie green end is to be noted The violet is 
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affected least of all By plotting these values on the color tnangle it 
will be seen that, although the percentage of punty or saturation re- 
mains unchanged m spite of the lack of blood elements, there is a 



Fio 6 Peecentaoe Color Excitation Values 1 , Skin of Nohiial Livino 
O sAOE Indian and Z, Skin of Osage Indian Studied Postuoeteu 

shift in the hue or dommant wavelength from the spectral wavelength 
586 millimicrons to 575 millimicrons m the blond and from wavelength 
595 millimicrons to 580 millimicroiis in the Indian 
It has been demonstrated by a companson of the living with blood- 
less skin that the superfiaal blood tends to alter the color of the skm 
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ment is effected in the distnbution of the vanous percentages of red, 
green, and violet, as is shown graphically in figures 5 and 6 Curve 1 
represents the normal hnear arrangement of the summated values 



Red Green \^olet 


Fig 5 Pehceniage Color Excitation Values 1 , Skin of Normal Livino 
Blond, and 2 , Blond Skin Studied Postmortem 

expressed m percentage form for both the blond and Indian hvmg 
skins Curve 2 shows the departure from the Imear relationship 
obtamed from an analysis of the same types of skm minus the blood 
only The percentage decrease of light reflected m the red with cor- 
respondmg elevation in the green end is to be noted The violet is 
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affected least of aU By plotting these values on the color tnangle it 
will be seen that, although the percentage of punty or saturation re- 
mains unchanged m spite of the lack of blood elements, there is a 



Fio 6 Peecentaoe Color Excitation Values 1, Skin or Norual Living 
O sACE Indian, and 2, Skin or Osage Indian Studied Postuortzu 

shift in the hue or dominant wavelength from the spectral wavelength 
^miUnmcrona to 575 mfllmncroiis in the blond and from wavelength 
5 mHlnniaons to 580 millimicrons m the Indian 
It Las been demonstrated by a companson of the Imng with blood- 
ws skin that the superficial blood tends to alter the color of the skin 
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by producing elevation in the hue, and a drop in the percentage of 
relative luminosity -mthout affecting the percentage of purity to any 
extent 

THE REFLECTION OF LIGHT AS AFFECTED BY THE SUPERFICIAL BLOOD 
WITH THE HAND PLACED IN THE DEPENDENT POSITION 

Readings were made on the dorsum of the normal hand or the middle 
or rmg finger, with the hand about 25 cm below heart level, usmg the 



Fig 7 Spectrophotomexric Reflection Curves of Skin of Hand as Placed 
IN AN Elevated or Dependent Position 1 , Hand 25 cu Above 
Heart Level, Z, Hand 25 cm Below Heart Letol 

same areas of skm m each case The change m color of the hand held 
m the dependent position depends to some extent on the prominence 
of the superficial venules, on the tune the hand is allowed to remam 
in this position, and on the amount of mterference with the return 
flow of blood Cyanosis produced m this fashion has been shown by 



■LOXnS A BRTOtSTING AND CHARLES SHEASD 


603 


Goldschmidt and Light (3) to be due to mcreased venous pressure 
peripherally and not related to the degree of oxygen unsaturation of 
the blood However, should any stasis develop to retard the flow of 
the blood, it is reasonable to suppose that the normal relation of 
carbon dioxide and oxygen in the blood and the tissues would be 
unbalanced and upset 

Figure 7 shows two spectrophotometnc reflection curves of the 
hand above and below heart level m a moderately brunet type 
The mcreased absorption effect produced in the region 530 miUi- 


TABLE J 

AMjysu from jptctfophoiomdnc cttruJ, ittusiraitni ihe eftii on lJU vanous components of 
color in the skin of placing the hand in the dependent pcsitum 


Cue ! 

Type 

DomifUDt w«.vt- 

Parity 

Relative lomlooelty 

AJxrre 

bewt 

level 

Bdow 

bear! 

level 

Above 

heart 

kvtl 

Below 

heart 

level 

Above 

kvel 

Below 

heart 

kvet 



mjnu 
mUrvtu ' 

mini ' 

mkmj 

fvcml 


fertni 

per ant 

1 

Brunet (usealsmux) 

590 

592 

45 

44 ' 

21 7 

23 6 

2 

Negro 

585 

590 


33 

7 5 

10 9 

3 

Normil brunet 

585 

600 

31 

19 

Hill 

22 1 

4 

Normal blond 

590 

eoo 

27 

21 

42 7 

35 2 

5 

JapancK 

587 

605 

31 

8 

24 3 ' 

18 2 

6 1 

Chinese 

5B5 

610 

28 

1 8 

27 2 

26 2 

7 

Normal blond 

600 

620 

21 

17 

36 3 

26 2 

8 

Marked brunet 

592 

492* 

28 

38 

32 4 

13 1 

9 

1 Normal brunet 

586 

1 493* 

21 

18 

24 7 

; 22 9 


* Cyanosa 


microns and 580 millimicrons when the hand is held below the heart is 
to he noted This plays a part in the change m the relations of color 
factors as detennmed by analysis of the reflection values m terms of 
exatation umts, as previously described 

Table 2 gives a list of records obtamed m a suuilar manner from a 
vanety of patients The reflection curves m case 9 are plotted in 
figure 7 

Table 2 illustrates the variations m dominant wavelength, punty 
and relative lummosity brought about bv changing of the position 
of the hand from 25 cm above the heart to a pomt 25 cm below heart 
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level Examples of the most common types of subjects are included 
With the hand relatively devoid of superficial blood (above the heart), 
the dommant wavelength is mamtamed m the spectral region 590 
millimi crons, which corresponds to the region of pure sodium yellow 



Fig 8 Percentage Color Excitation Values from Spectrophotometric 
Data 1, Hand Above Heart, 2, Hand Below Heart, and 3, 
Normal Cheek 

If the hand is lowered to a pomt below heart level, the superfiaal blood 
becomes more or less evident and its effect on the color of the skm can 
be calculated 

In the heavily pigmented subjects (cases 1 and 2), an appreaable 
change m hue (dommant wavelength) did not take place Cases 
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3, 4, 5, 6 and 7 show a shifting toward the red, in one case (case 7) 
to a dominant wavelength 620 nulhmicrons In this case, the normal 
hue had been estabhshed at 600 mfllumcrons, which may account for 
the marked nse above the normal vanation 

The relation of the color exatation values summated for red, green, 
and violet m percentage form for case 9 is shown m figure 8 This 
figure IS an analysis of the spectrophotometnc reflection curves of 
figure 7 

Cases 8 and 9 exhibited a change m the doimnant wavelength from 
the normal, 592 to 586 miUumcrons, to the blue region at 492 m il l i - 
imcrons This mdicates cyanosis, irrespective of whether or not it is 
due solely to mcreased penpheral venous pressure or to changes m 
the oxygen unsaturation of the blood Sheard (6), and Sheard and 
Brown (7) presented similar curves of cyanosis for cases of polycythe 
mia vera following treatment with phenylhydrazine, with shiftmg of 
the dominant wavelength to the region 500 millimicrons Cases 8 
and 9 in table 2 show that such a condition is not rare even m normal 
subjects The values ob tamed m each case are directly related to 
the surface area of superficial blood which attams visibibty at any 
given tune This may occur with a good deal of fadhty m cases of 
polycythenua vera and becomes more evident climcally, inasmuch as 
the entire body is usually mvolved 

Spectrophotometnc and spectroscopic studies of the blood in ex- 
perimental animals show characteristic absorption bands for hemo- 
globin m vanous degrees of oxygen saturation In viewing the blood 
coursmg through a rabbit’s ear, Sonne (8) and others have been able 
to demonstrate the bands of oxyhemoglobm under normal conditions 
Whenever the ear was pmched or the flow of blood was impeded in 
other w ays, the presence of reduced hemoglobin was manifest 

Distention of the superfiaal venules with blood by means of grav- 
ity results, in most instances, m lowenng the degree of hue In other 
words, the color of the skm possesses a lower percentage of punty or 
saturation This is least evident in cases m winch the shghtest vana 
tion m the relative percentages of red, green, and violet are exated, 
and it IS most evident in the two cases of Onental subjects m table 2 
(cases 5 and 6) In these cases the color of the skm approached very 
nearly an ashen gra>, as exemplified b> the drop in the punty or 



604: 


SPECTROPHOTOMETRY OF SKIN SUPERFICIAL BLOOD 


level Examples of the most common types of subjects are mduded 
With the hand relatively devoid of superfiaal blood (above the heart), 
the dommant wavelength is mamtamed m the spectral region 590 
milhmi crons, which corresponds to the region of pure sodium yellow 



Fig 8 Percentage Color Excitation Values erou Spectrophotoueteic 
Data 1, Hand Above Heart, Z, Hand Below Heart, and 3, 
Normal Cheek 

If the hand is lowered to a pomt below heart level, the superfiaal blood 
becomes more or less evident and its effect on the color of the skm can 
be calculated 

In the heavily pigmented subjects (cases 1 and 2), an appreaable 
change m hue (dommant wavelength) did not take place Cases 
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tion curves were obtained from a number of areas of tbe body which were analyzed 
Into color excitation values and interpreted In terms of the three attributes of 
cobr (table 3) 



Bed Green Violet 

Fio 9 Percentage Color ExctrATiov Values moii Spectrophotoueteic 
Data feou a Case of Diffuse Eevtheodeeiia 
Readings made over i-anous areas of the body and with the hand in an elevated 
and dependent position 

The dommant wavelength was unquestionably in the red, being the highest over 
the malar prominence In this region it had a value of 660 millimicrons The 
hand, when emptied of venous blood by elevation, conslstentlj showed a value of 
640 millimicrons This changed to a cyanotic hue when the hand was held m the 
dependent position as was shown by the shift from 640 to 493 millimicrons. In 
this condition the superfiaal venules filled with blood The percentage values of 
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saturation to a level of 8 per cent In only one case was there an 
increase in the punty (case 8) and this was assoaated with marked 
cyanosis 

The relative luminosity suffers through the presence of superficial 
blood m proportion to the amount of pigment ongmally present to 
mask the effect The blond subjects manifested the greatest reduc- 
tion, the negro manifested very httle reduction When cyanosis was 
mduced m one case (case 8) there was a drop m the total bnUiance of 
almost 20 per cent 


TABLE 3 

Analyses of spectrophotonielnc curves of the sktn into the fundamental attributes of color in a 

case of malignant erythroderma 


Area 

Dominant 

wavelength 

Parity 

Brilliance 

Cheek 

tniUimiaons 

660 

ptrunl 

12 

pa uni 

26 

Hand 

Above heart level 

640 

13 

24 

Below heart level 

493 

11 

20 

Thigh 

630 

10 

28 

Calf 

600 

22 

24 


From a study of the data, it would seem that cyanosis is an end 
stage of the accumulation of blood m the surface venules, when the 
flow becomes sluggish through the obstruction mtroduced by the 
load of gravity on the column of blood supported An intermediary 
stage, or erythrosis, is noted which is similar to a phase of polycythe- 
mia vera It is dependent on the surface area of the blood exposed 
for each centimeter of surface area and is more or less dependent on 
the veloaty of flow through the part 

THE REFIECnON OF LIGHT AS MODIFIED BY CERTAIN DISEASES OF THE 

SKIN 

A few prehmmary studies were made of dermatosis m which ery- 
thema from penpheral vasodilation was evidently present Varia- 
tions from the normal were noted m particular m the following cases 

Case 1 The patient was aged forty years The diagnosis was malignant ery- 
throderma (diffuse universal erythema with branny desquammation) Reflec- 
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Curves 2 and 3 (fig 9) and the gnnip indicated by 4 represent a progressive 
Increase in the percentage of violet until a definite break occurs in the linear rela- 
tionship When the percentage of violet crated exceeds the percentage of green 
there Is a shift in the hue from red to blue, -which is manifested chieflv in the 
presence of cyanosis This was found to be characteristic of the cases of Ray 
naud’s disease and of polycythemia vera following the adnunistration of phenol 
hydraxme In the report of Shcard and Bre^wn (7) 

Case Z The patient was aged forty-eight years The diagnosis -was psoriasis 
vulgaris Experunents were carried out, with the hand at heart level, on a patch 
ol psonaris on the calf and an area of sVin adjoining the patch The patient -was 
placed m the prone position, to neutralise the effect of gravity, when the records 
from the leg were taken Figure 10 gives spectrophotometric curves of refleebon 
from the three areas which are plotted for purposes of comparison There is 
slmilanty in all the curves, inasmuch as they reveal the decreased percentages of 
reflection at the regions 530, 580, and 630 milhmiaons, respecbvely The curve 


TABLE 1 

Amlpts ef spetlrophetomtlru curves ef stin from normal areas and an area if psoriasis 


Am 

DoCOlBJLBt 

wtTtlenjth 

Parity 

BriUUnce 




[ piTcrnt 

Konnil rVui of hand at heart level I 

598 

19 

21 0 

Normal akm of call i 

582 

32 

43 3 

Psoriatic area of calf j 

620 

1 23 

22 8 


from the surface of the patch of psoriasis shows an absorption zone at -wavelength 
580 mllhinicrona This area of skm was denuded of scales so that to the eye the 
patch was no longer the sUvery white so characterisbc of psoriasis but possessed 
the dull red color seen m large plaques over the glabrous surfaces and the trunk 
The records obtained from the normal skm of the band and of the calf were similar 
except for the difference m the amount of reflection. This is interpreted in the 
subsequent analysis m terms of brilliance The hand, being darker tbnn the calf, 
reflects less hght 

Analysis of these spectrophotometnc curves mto percentage color excitation 
-values is shown m figure 11 and the results obtained after plotbug these percent- 
ages are expressed m terms of dommant wavelength, punty and bnllimce, as 
shown m table 4 

The -values of the dominant wavelength m this case (for the areas of normal 
skin studied) fell within that which may be termed the low to high normal, that is 
from 582 to 598 milhimcroni The hand held at heart level undoubtedly ga-ve a 
higher readmg than when held m on elevated position The patch of psoriasis 
was of a reddish hue cUmcallj This -was confirmed spectrophotometncally, 
smee the dominant wavelength proved to be at 620 miihmiaons or definitelj m 
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the red The difference m the readings for the three areas may be attnbutable 
to the influence of superficial blood m varying amounts, it was least m the velvet- 
appeanng, soft sLm of the calf m the prone position, and greatest m the psonatic 
patch where the dilated capillaries attam visibility bv virtue of the relatively 



Fig 11 Percentage Color Excitation Values eroji Spectrophotometric 
Data op Curwes in Figure 10, 1, Hand at Heart Level, 2, Psoriatic 
Patch on Calt, and J, Skin Adjoining Patch on Calp 

thm protective covering This is a verification of the clinical sight of “bleedmg 
pomts” foUowmg removal of the thm rmca-like scales m psonasis 

The relatioiis of the percentages of red, green and violet color excited m each 
instance are best shown b\ figure 1 1 The normal hnear distribution is preserved 
m curve 1 obtamed from the record of the hand Curi'es 2 and 3 differ in the rela- 
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live percentages of red and green, thus altemting the slope or the angle of the line 
plotted, and indicating the pauaty of blood In the normal skm of the calf to the 
engorgement noted over the psoriatic patch 

The analysis revealed a diflerence in percentage in punty in favor of the skin of 
the calf This area also proved to be lighter in that there was elevation of the 
brilliance by 20 per cent, as was expected. The patch of psoriasis was found to 
be of redder hue and of lower purity and brilliance than the normal skin adjacent 
to it 

Core 3 The patient was aged thirty-eight years The diagnosis was tubercu 
losis cutis (Sarcoid of Boeck) This patient presented, among other features, 
areas of diffuse mduratlon of the skin limited to the angles of the jaw and parotid 
region. These were colored blue, apparently due to the presence of large quanti 
ties of venous blood in the dilated superficial blood spaces Records were made 


TABLE 5 

Anctysu e} tptdrophcttmctric curves of shnfrom normal oreos and In areas of 
tuberculosis cutis 


Area 

Total 
color a 
dudoo 

Red 

Grwn 

Violet 

Hue 

Purity 

BiO* 

tkoire 


mUs 

ptretnl 


p*Tetni 

*aHI 

mterMx 

ptTttnl 

fCTCtnl 

Normal area on cheek 


38 6 

31 8 

29 6 


13 

36 7 

l^on on right cheek 

3,683 

38 5 

30 1 

31 4 

494* 

19 

18 5 

Lesion on left cheek 

3 788 

36 9 

30 6 

32 5 

495* 

16 

18 9 

Hand elevated 

5,010 

38 1 

32 2 

29 7 

610 

12 

26 3 

Hand dependent 

3,581 

36 7 

30 9 

32 4 

494* 

15 

17 0 


* Cyinods. 


from each of these areas and also from the normal appearing skin over the malar 
protmnence, us well as from the dorsum of the hand m the elevated and dependent 
positions Analyses of the spectrophotometnc data in terms of the various com 
ponents of color are tabulated in table 5 

Comparison of the values obtained from the various areas demonstrated that 
the colors of the elevated hand and the cheek were identical except for a difference 
m brilliance of 10 per cent The dominant wave length at 610 millimicrons was a 
little nearer the red end of the visible spectrum than is usual for the normal subject, 
although this would be more likely to be true tor the cheek than for the hand 
The presence of superficial venous blood was manifested by a lowering m the 
amount of light reflected (decreased brilliance) and rearrangement of the percent 
ages of red, green, and violet, mth a shift m the dominant wavelength from the 
region of the red to the shorter (blue) spectral value of 494 millimicrons This is 
consistCntlv true for the areas in which the disease is found. The presence of the 
superficial blood tends to dunmish the brilliance. The skin of the band in the 
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dependent position and the skm over the two areas of lesions on the cheeks gave 
pracUcally identical spectrophotometnc data This proves beyond doubt that 
they are of the same color 


SUMMARY 

Quantitative comparisons iiave been presented showmg the varia- 
tions in the color of the skm m health and disease as dependent on the 
content of superfiaal visible blood Observations on speamens of 
skin from a blond subject and an Osage Indian obtained postmortem 
have been compared with records made dunng hfe m the same type of 
subjects to note the effect of the presence or absence of blood on the 
color of the skm Furthermore, the effect of a change m the distnbu- 
tion of the superficial blood was observed by placing the hand m an 
elevated and dependent position m relation to the heart Various 
types of dermatosis have been exammed spectrophotometncally m 
order to demonstrate the effect of changes m amount and distnbution 
of the superficial blood on the color of the skin 

CONCLUSIONS 

1 The blood m the superfiaal capilianes exerts a major influence 
* on the color of the skm 

2 Spectrophotometnc observations of vanous areas of the human 
skm demonstrate considerable vanation m the amount, quality and 
distnbution of penpheral blood Diseases of the vascular tree or the 
blood itself tend to accentuate these changes m the color of the skm 

3 The pigment (melanm), in proportion to its density, acts as a 
screen to prevent the superfiaal blood from attammg visibihty 

4 Superfiaal blood plays a part m the curve of reflection of light 
from the surface of the skm and is evidenced by absorption zones 
at the spectral regions, 540, 580 and 630 miUmaiaons The absorption 
band at 630 milhmiaons is the least constant, whereas the others 
persist m all records except m those obtained from speamens of skm 
devoid of blood (postmortem) 

5 An abundance of oxygenated blood near the surface of the skm 
tends to shift the dominant wavelength from the region 590 milh- 
nuCTons to the orange or red end of the spectrum, reachmg a value as 
high as 620 to 660 milhmicrons There is a dimmution of the punty 
or degree of hue and a lowermg of the relative luminosity or bnlhance 
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6 An abundance of venous Wood tends to shift the dominant 
length toward the blue region of the spectrum (490 to 500 millimi 
mdicatmg a condition of cyanosis This is produced by an alt( 
m the relative percentage values for red, green and violet No 
they mamtain a hnear relationship, but the value for violet e 
the value for green m conditions of marked cyanosis 

7 Spectrophotometnc records and analyses may assist in t 
Imeation of changes due to combmed alterations m the conf 
blood and pigment m the skin of human bemgs 
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STUDIES ON RED BLOOD CELL DIAiCETER 


ttt The Relative Diameter of Immature (Reticulocytes) 
AND Adult Red Blood Cells in Health and Anemia, 
Especiallv in Perniciods Anemia 

Bi ELBERT LAFSLEY PERSONS 

(From Ike iledical Service of Ike CoUls P Huntintlon Uemorial nospUol of Harvard 
Univemty and Ike Thorndike Uemorial lakoralory of lie Boston City Hosfdtal) 

(Rccdvtd for pttbUcntlon April 15 1929) 

It has been shown (1) (2) (4) that curves of the frequency of the 
diameters of normal erythrocytes are symmetncal and uniform In 
most cases of anemia classed as secondary, freqilency curves of 
measurement of the red blood cell diameters are displaced to the left, 
or small side, of the normal and the mean diameter of the cells is less 
than normal In contrast to this, m pernicious anemia m relapse the 
frequency curve usually is displaced to the nght and the mean di- 
ameter IS greater than normal In marked remissions of permaous 
anemia mduced by the feedmg of smtable amounts of liver or potent 
liver extracts diameter frequency curves often approach normal (3) 
(9) 

The irregularities of the frequency curves of the diameters of 
erythrocytes from permaous anemia has aroused mterest and Pnce- 
Jones (5) has suggested that m view of the apparent skewness of these 
curves there may be three elements of red blood cell formation in the 
bone marrow, the normal, givmg the basic curve, together with the 
smaller cells (anemic) and larger (permaous) cells which impart the 
skewness It was suggested to me by Dr George R Mmot that a 
study of the relative diameter of the young blood corpuscles (retic- 
ulated red blood cells, reUculocytes) to adult red blood cells might 
throw light on the nature of the skewness and that such observations 
upxin normal red blood cells and those from various types of aneima 
might give information concerning blood formation Heretofore no 
e^pcaal attention appears to have been given to the actual or compara- 
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tive sizes of the reticulocytes under varying conditions Hawes (6) m 
1909, descnbed them as umfonnly larger than non-reticulated cells 
Mmot and Lee (10) and Key (7) have noted the occurrence of small 
reticulocytes Gram (8) writes that “vital-stamable corpuscles” are 
“relatively thick elements” and “may dommate the picture m penods 
of forced regeneration of simple anenuas and m hemol 3 dic jaundice ” 
Knowledge concemmg the growth of tissue cells has been obtamed by 
determinations of the nuclear-c 3 rtoplasmic ratio and this favored the 
idea that a comparison of the size of the mature and immature eryth- 
rocytes might help to explam certam features of the formation of 
red blood corpuscles Twenty-six observations of this sort have been 
made of the erythroc 3 i;es of 5 normal and 19 pathological bloods, 
particularly from cases of permaous anemia, and this paper concerns 
the results obtamed 


METHOD 

Measurements of the red blood cell diameters were made from some 
specimens of capillary and some of venous blood, stamed supravitaUy 
with bnlhant cresyl blue between two thm glass covershps The 
blood was then stamed with Wnght’s stam and the preparations 
mounted The method of measurmg the diameters was the same as 
that descnbed m previous papers of this senes (2) (3) To obtam 
adult red blood cell diameters 250 consecutive cells havmg distmct 
boundane;^ were measured Adult red blood cells were considered 
to be those with no mtraceUular structures such as reticulum, HoweU- 
JoUy bodies, Cabot nng bodies or refractile granules (Isaacs) The 
large, mdistmct, pale red blood cells occurring m occasional fields of 
permaous anemia blood were also omitted on the ground that they 
probably represent changes occurrmg after the cells are formed rather 
than abnormahties m blood formation They are so rare that their 
inclusion would have changed nothmg of importance in the data except 
the upper limit of red blood cell size The occurrence of polychromat- 
ophiha may be taken to indicate improper stammg by the method 
used Hence to be as certam as possible that all reticulocytes were 
stamed, no preparation contammg polychromatophihc cells without 
reticulum was used for measurements The 100 reticulocytes meas- 
ured were found among or close to the adult red blood cells which had 
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been measured, so that, irrespective of absolute values, the relative 
values for adult red blood cell and reticulocyte diameters should be of 
Bigmficance 

The absolute variations m the diameters of the red blood cells from 
venous and capillary blood were found to be very slight and no greater 
than those of the red blood cells from two different preparations of the 
same capillary blood taken at the same time Furthermore, the 
distribution of red blood cell diameters and the relations of reticulocyte 
to adult red blood cell diameters were practically identical m the two 
types of blood 

The mean or average diameter was computed arithmetically from 
the ongmal data Ibe data were plotted for study as frequency 
curves and also as summation frequency curves on Whipple's arith- 
metic probabihty paper (see Fig 2) which converts a frequency curve 
showing perfect adherence to the ‘Haw of probabihty” into a straight 
Ime The numencal ratio between mean reticulocyte and mean adult 
red blood cell diameter was computed for each case and is mcluded 
in the data presented 

COMPARISON OF REnCTTLOCYTES AND ADttLT RED BLOOD CELLS 

Figure 1 demonstrates by frequency curves the size relationships 
found to east between the diameters of adult red blood cells and 
rePculocytes m normal bloods and m a case of permaous anemia in 
relapse A comparison of the curve for the percentage distnbution 
of the diameters of 1250 adult red blood cells from five normal bloods 
with that for 500 reticulocytes from the same bloods mdicates that 
the distnbution of sizes is stnkmgly sunilar, but that the reticulocytes 
m normal bloods are uniformly somewhat larger tbnn the adult red 
blood cells Since normal bloods contam only about one per cent of 
reticulocjqes this cmrve for adult red blcxxi cells very nearly cmr- 
responds with comparable ones for all red blood cells of normal blood 
which have been published (1) (2) (4) (8) 

The case of permaous anemia recorded as case 18, table 1, for which 
data are charted m figure 1 had a red blood cell count of 1 8 milhon 
per cu mm and a typical blood picture of that disease The 
measurements arc similar in all respects to those of the cells from the 
other nine permaous anemia patients studied with low red blood cell 
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counts The frequency curve (fig 1) for the diameters of the 250 
adult red blood cells measured is similar to other diameter frequency 
curves which have been pubhshed (2) (3) (4) (5) for all cells m com- 



Fig 1 Fhequency Curves of the Size Relationships Between the 
D lAilETEES OF RETICULOCYTES AND AdULT ReD BlOOD CeLLS IN 
Normal Bloods and in a Case of PERNiaous Anemia 

The curves for normal bloods are constructed from the measurements of 1250 
adult red blood cells and 500 reticulocytes from 5 mdividuak The curv'es for the 
cells from a case (no 18, table 1) of permaous anemia are constructed from the 
measurement of 250 adult red blood cells and 100 reticuloci'tes 

Normal adult red blood cells 

Normal reticulocytes 

Permaous anerma adult red blood cells 

— — — Permaous anemia reticulocytes 

parable cases of permaous anemia A companson of this curve with 
that for 100 reticulocytes from the same blood shows a similanty of 
shape which, aUowmg for the smaller number of cells measured, is 
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quite as striking as that between the diameter frequency curves for 
reticulocytes and adult red blood cells from normal bloods 
Table 1 shows the results of measurements of adult red blood cells 
and reticulocytes from 24 piersons These may be groupied in three 
classes, normal (5) "secondary" anemia due to vanous causes, (10) 
and pemiaous anemia (9) 


A Normal bloods 

Cases 1 to 5 were from healthy mdividuals who had normal blood 
pictures and the figures for their adult red blood cells conform fairly 
well to those obtained by other mvestigators for normal red blood 
cells It IS recognized that the adult red blood cell size of case 3 is 
lower than that of any normal blood which has been reported m this 
senes of papers The specimen was from a young adult male on whom 
repeated blood exaimnations have been made during the past four 
years without any abnormalities having been detected 
Normal reticulocjdes average about 1 micron larger m diameter than 
normal adult red blood cells The average of the means is 8 6 microns 
for the reticulocytes as against 7 6 microns for the adult red blood 
cells The ratio of mean reticulocyte diameter to mean adult red blood 
cell diameter vanes from 1 12 to 1 15 The frequency curves ob- 
tamed by plotting the averaged data from these 5 normal bloods are 
shown m figure 1 Summation-frequency curves of reticulocyte and 
adult red blood cell diameters from these bloods are so nearly straight 
that nothing but errors of measurement could be postulated to explam 
deviations and m each case the reticulocyte diameter distnbution 
curve is almost parallel to that for adult red blood cell diameter 

B ‘‘Secondary’’ anemia 

In the cases of "secondarj ” anemia the reticulocyte-adult red blood 
cell diameter ratio (table 1) is lower than in the normal individuals 
The measurements marked 4b and 5b (table 1) were made on cells 
taken from normal indmduals (cases 4 and 5) three days after the loss 
of from 500 to 600 cc. of blood, while measurements labelled 4a and 5a 
were made just before the blood wras removed In each case the red 
blood cells had faUen approximately half a milhon per cubic mDhmcter 



TABLE 1 

The diameter of aditll and reliculakd red blood cells 
Normal blood 
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Ratio* 

Kcucuiocytes 

Adult 

mm 

Differ 
ence of ! 
means 

microns 

1 0 

1 0 

1 0 

1 1 

0 8 

1 2 

1 1 

Reticulocytes 

Mean 

diameter 

microns 

8 8 

8 7 

8 0 

8 8 

8 7 

9 0 

8 9 

Spread 

microns 

3 7 

3 1 

3 1 

2 5 

3 1 

3 2 

3 8 

llS 

5 OOOvOO»-i^ 

g y—i y—l »H «— < 
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size 

microns 

6 9 
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6 3 
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Adult red blood cells 
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diameter 

1 

microns 
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7 0 
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7 9 
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1 

i ^ O' o o 

V. 
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6 3 

6 3 
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cells 

millions 
per cii mm 
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4 9 
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and about 4 per cent of reticulo(^es were present mdicatmg a response 
of the bone marrow It is mteresting that there is a slight increase 
m the adult red blood cell diameter in case 4 and no change for this 
value m case 5, while m both cases the reticulocytes are smaller than 
before the loss of blood so that the reticulocyte adult red blood cell 
diameter ratio dropped from 1 15 to 1 10 m case 4 and from 1 15 to 
1 13 m case 5 A larger senes of similar cases must be studied before 
the importance of these changes can be properly evaluated 

The anemia m cases 6 to 9 was due to hemorrhage Case 6 occurred 
in a woman who had had menstrual disturbances with abnormal blood 
loss and a shght anerma for several months before the specimen was 
taken The mean adult red blood cell diameter while withm normal 
limits, IS smaller than that of most normal bloods, and the difference, 
0 7 micron, between the mean reticulocyte and adult red blood cell 
diameters is defimtely decreased, givmg a reticulocyte-adult red blood 
cell diameter-ratio of 1 10 Cases 7 and 8 occurred m patients who 
had had a single severe hematemesis within a week of the tune the 
specimen was taken In these cases the mean adult red blood cell 
diameter is not abnormal, but the distribution has been changed, as is 
mdicated by the mcreased value for the “spread ” The spread of the 
reticulocytes is also somewhat mcreased Again the differences 
between the mean reticulocyte and adult red blood cell diameters are 
reduced, so that the ratios between them are 1 08 and 1 07, but again 
the response of the bone marrow was shght Case 9 occurred in a 
patient who had had repeated severe hematemeses dunng the five 
weeks previous to the day the specimen was taken, and while the 
“spread” of the adult red blood cells is defimtely mcreased the mean 
adult red blood cell chameter is quite small The “spread” of the 
reticuloc 5 de diameters is also mcreased and the mean reticulocyte 
diameter is correspondingly reduced so that the reticulocyte-adult 
red blood cell diameter ratio is 1 10, the same as that of the milder 
prolonged anerma due to blood loss (case 6) 

Cases number 10 to 15 inclusive were of secondary anemia from 
causes other than hemorrhage Case 10 and 11 were of congenital 
hemolydic jaundice and were both severe enough to justify splenectomy 
The measurements of the cells from these two bloods are strikingly 
similar and resemble those reported by tVhitcher (11), both retie- 
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ulocyte and adult red blood cell "spreads” being increased and both 
sets of mean diameters being decreased considerably, so that the 
reticulocyte-adult red blood cell diameter ratio is 1 09 ‘ 

Case 12 -was an example of “secondary” anemia accompanymg 
chrome myelogenous leulemia and the measurements are very similar 
to those of case 9 with anemia from acute blood loss 
Case 13 exhibited varymg degrees of anenua assoaated with proved 
methemoglobmemia enstant for about eighteen months At the 
time the specimen was taken the patient’s red blood cell count was 
mcreasmg and was about 2 5 million per cubic millimeter The 
measurements of adult red blood cell diameters fail to show decreased 
mean cell size, but tlie "spread” is markedly increased The many 
reticulocytes (21 per cent) are relatively s ma ll and the ratio of the 
mean diameters of the reticulocytes and adult red blood cells is low 
(106) 

Case 14 showed a severe anemia due to cancer The blood showed a 
high reticulocyte count, nucleated red blood cells and much pioikilocy- 
tosis The measurements show small adult red blood cells and retic- 
ulocytes and the ratio between their sizes is reduced to 1 06 
Case 15 was the most mteresting smgle case of the senes A blond 
Norwegian of S3 had severe anemia of about three months’ duration 
His history and physical exammation suggested that he had permaous 
anemia He was transfused twice with blood and liver feedmg 
commenced, but he died four days after the first transfusion At 
autopsy the cause of death proved to be a sarrhous caremoma of the 
stomach with metastases to the regional lymph nodes, liver and bone 
marrow The measurements of the red blood cellfe after the first 
transfusion showed marked reduction m the mean adult red blood 
cell diameter and more than proportionate reduction m the mean 
reticulocyte diameter so that the ratio between them was reduced to 
1 06 Until the time of death one of the chief findmgs trhich weighed 
against the diagnosis of permaous anemia was these measurements 
of his red blood cell diameters 

Frequency curves plotted from measurements of the diameters of 
adult red blood cells m “secondary” anemia are sunilar to those 

> y\n unpublished case ot congenlua hemoljulc jaundice showing an increase m 
the mean diameter of the reUculocytes has been observed by Meanj and Thomaj 
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obtained by other observers for all t)T3es of cells m similar bloods 
and the curves for reticulocyte diameters show corresponding shapes, 
but are not displaced as far to the nght as are these curves for normal 
bloods Summation-frequency curves on anthmetic probabihty 
paper are nearly straight for both reticulocyte and adult red blood cell 
diameters, if enough cells are measured to overcome the effect of the 
mcreased vanation m size (“spread”) found m “secondary” anemia 
bloods Agam the curve for reticulocyte diameter frequency is 
displaced to the right less than m normal bloods 

C Pernicious anemia 

Measurements from 9 cases of permaous anemia with low red 
blood cell counts (cases 16-24, table 1) show that m every instance 
the mean red blood cell diameter is large, as is also the spread of 
both adult red blood cells and reticulocytes The mean adult red 
blood cell diameter is close to normal in cases 19, 22 and 23, but the 
mean reticulocyte diameter is distmctly above normal Smce the mean 
reticulocyte diameter is relatively very large, the ratios of the mean di- 
ameters are from 1 21 to 1 29, or not less than 0 06 above the highest 
ratio obtained in a normal blood 

Frequency curves of adult red blood cell diameter measurements 
from these bloods are similar to those reported for permaous anemia 
bloods by other observers (2) (3) (4) (5), and the reticulocyte diameter 
frequency curves correspond m shape to those of adult red blood cells 
from the same bloods, but are displaced much farther to the nght 
than are those from normal bloods 

Summation-frequency curves plotted on anthmetic probability 
paper of 250 red blood cells from permaous anerma bloods show 
deviations from the straight Ime plot for normal bloods, but in two 
cases m which 1000 cells of each were measured the resulting plots 
were as nearly straight as are correspondmg curves from normal bloods 

Figure 2 shows the summation diameter frequency curve obtamed 
from the measurement of 1000 adult red blood cells from case 20, and a 
similar curve of diameter measurements of 100 reticulocytes from the 
same blood These two curves are almost parallel and bear the same 
relation to each other that corresponding curves for red blood cells 
from normal bloods and secondary anemias do, except that the curve 
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for reticulocyte diameters is displaced farther to the nght This very 
striking difference between the sizes of reticulocytes and adult red 
blood cells, which is demonstrated both by the figures and the curves 
for each of the nme cases of permaous anemia vnth a low blood cell 
count and which is much less marked in all the other cases studied 
may be charactenstic of the blood picture of this disease 



Tio 2 Pernicious \keiiia Suriuation Diameter Frequency Cur\e3 or 
1000 Adult Red Blood Cells 250 Adult Red Blood Cells \nd 100 Rett 
culocytes erom a Case or rERmcious Akemia Plotted on AiuTiiMEnc 
Prodability Paper 

The curves for adult red blood cells show that the skewness ol the curve based 
on only 250 cells disappears when a large number of cells (1000) nre measured 

1000 adult red blood cells 

— 250 adult red blood cells 

— — — 100 reticulocytes 


DISCUSSION 

The sinking paraUehsra between the adult red blood cell and 
reticulocyte diameter distnbution curves furnishes further evidence 
that the formation of rcticulocy tes is most intimately connected with 


TRx lovTvifHi. or cuincjo. ixnarnojtnox tol. ttt t«o 4 
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the tormation of adult red blood cells In considering the relation of 
reticulocytes to adult red blood cells, there are two obvious possibili- 
ties One IS that the reticulocyte in the peripheral blood is a young 
red blood cell which will lose its reticulum m a few days, shnnk 
somewhat m size, and become an adult cell The other possibility is 
that reticulocytes are liberated from the marrow somewhat pre- 
maturely, and that they remam in the penpheral blood as such until 
dissolution takes place, but that the rate of their liberation is ap- 
proximately proportionate to the rate of liberation of mature red blood 
cells The present studies do not lead to deductions in favor of either 
of these hypotheses The former is much the most probable one 
because one may observe extrusion and loss of reticular material m 
cells kept in plasma outside the body at 37 5°C The mvestigation 
does indicate that a dose correlation exists between the sizes of 
reticulocytes and adult red blood cells in normal and pathological 
bloods 

The measurements from the twelve cases of “secondary” anemia 
recorded m table 1 mdicate that when an extra load is thrown upon 
the bone marrow by “chronic” hemonhage or red blood cell destruc- 
tion It responds by throwing out reticulocytes which are relatn^ely 
smaller than normal reticulocytes (The actual measurements are 
smaller in only a fraction of the cases ) This is not what one would 
expect if the response of the bone marrow were simply one m which 
immature cells which would ordinarily remain m the marrow for a few 
days longer were liberated early, for studies of the bone marrow have 
shown that the red blood cells in it grow smaller as they mature 

In the four cases (4b, 5b, 7 and 8) from which red blood cells ob- 
tained soon after hemorrhage were measured, it is reasonable to sup- 
pose that most of the adult red blood cells had been present before the 
hemorrhage occurred so that there should be no marked abnormahty 
m their measurements In these bloods, hov ever, the reticulocytes 
are relatively small which shows that the mean reticulocyte diameters 
tend to be low, while the mean adult red blood cell diameters remain 
at normal values 

In cases 6 and 9 one is justified in assummg that there had been time 
for some adjustment between the bone marrow and the circulatmg 
blood, or, in other words, that practically all of the adult red blood 
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cells present in the blood had been fonned after the hemorrhages 
so that the parallelism between reticuloc 3 des and adult red blood cells 
should be partially restored That there was a trend in this direction 
IS shown by the fact that the ratio between the mean diameters of 
reticulocjdes and adult red blood cells is slightly higher than m the 
cases where there was not time for adjustment to take place Al- 
though, under prolonged stimulus, the bone marrow was liberating 
smaller reticulocytes, the adult red blood cells were, bv this time 
smaller also 

From these and other data which have been published on the 
diameter of red blood cells m chrome “secondary” anetma it is ap- 
parent that the reaction of the bone marrow is to form red blood cells 
which arc smaller than normal and which vary more in size as shown 
by the maximal and minimal measurements that yield the mcreased 
‘ spread ” Jolly states that there is first a shght mcrcase m mean 
diameter followed by the decrease observed in this study (12) 

A comparison of the measure mens of three types of bloods, normal, 
anemia from loss of blood m which there has been no tune for read- 
justment, and anerma from blood loss m which some readjustment 
must have taken place, shoivs that there is a somewhat delayed 
parallelism between the diameters of reticulocytes and adult red Wood 
cells It would, necessarily follow that, in a patient who has had a 
single large hemorrhage, there will be a penod m which the diameter 
ratio betw ecn reticulocytes and adult red blood cells would be less than 
that m normal bloods Once the factor which stimulates the bone 
marrow to increased production is removed it should begin to form 
normal blood, including reticulocytes of normal size 
Other observers have reported irregularities in summation-frequency 
curves of the diameters of red blood cells from cases of penuaous 
anemia (5) (2) Measurements of 1000 red blood cells from each of 
two cases of pcmiaous anemia reported above resulted in curves which 
conformed to the “Law of Probability” as well ns did curves for the 
diameter of red blood cells from normal bloods Although the 
skewness of the curves obtamed from mcasunng 250 red blood cells 
from the same cases was not marked, the result of measuring the 
larger number of red blood cells mdicates that not all summaUon 
frequenej cunes of the diameters of red blood cells from pernicious 
anemia Iiloods arc skew cun'cs (sec fig 2) 



628 


JUSD CELL DIAMETER IN HEALTH AND AJEEMIA 


There is no obvious explanation for the apparently constant increase 
in the relative diameter of reticulocytes in cases of pemiaous anemia 
havmg low red blood cell counts This increase is demonstrable in 
the diameter measurements, in the values for the ratio between mean 
reticulocyte and adult red blood cell diameters and is illustrated well 
by both frequency and summation-frequency curves plotted from the 
data It IS interesting to note that m the two cases of anemia due to 
congenital hemol 3 dLc jaundice reported above the mean reticulocyte 
diameter was relatively decreased There is an excess of blood pig- 
ments m the plasma m this disorder as also occurs in pernicious anerma 
m relapse where the mean reticulocyte diameter is relatively increased 
In the congemtal disorder the red blood cell diameter measurements 
were similar to those found in "secondary” anemia, with no mcrease 
pigments in the plasma, hence, it is not hkely that the presence of 
pigment has any relation to the diameter of the red blood cells 

CONCLUSIONS 

1 There is a very mtimate relationship between the sizes of retic- 
ulocytes (immature) and adult red blood cells m the same blood, as 
indicated by the fact that the shapes of the cell diameter distnbution 
curves are almost identical 

2 Reticulocytes of normal bloods average enough larger than adult 
red blood cells of the same bloods so that the ratio of mean reticulocyte 
diameter to mean adult red blood cell diameter vanes from about 1 12 
to 1 15 

3 In chrome "secondary” anemias the reticulocytes are relatively 
smaller than those from normal bloods, so that this ratio vanes from 
1 06 to 1 10 

4 In cases of pemiaous anemia having low red blood cell counts 
(600,000 to 2,200,000 per cubic millimeter) the reticuloc 3 des are much 
larger than the adult red blood cells, so that the ratio between the 
mean diameters is between 1 21 and 1 29 This may be charactenstic 
of the blood picture of this disease 

The author wishes to express his appreciation to Dr George R 
Minot for his direction of this work, and to Dr J H Means and F K 
Thomas for their helpful cnticism 
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rv Tee Decrease in the Mean Diameter of the REncxTLocYTEi, 
AND Adot-t Red Blood Cells m Pernictohs Anemia 
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(From fhe Medical Service of the Collis P BunttniUm AfenwriaJ Hospiial of Barvard Unlver 
illy end the Thorndike Memorial Laboratory of the Boston City Bospital) 

(Received for publication April 15 1929) 

Minot and Murphy have shown (1) (2) (3) that m pemiDous anemia 
in relapse one of the first signs of the regular response to adequate 
liverfi ! .rapy is a temporary, marked mcrease of the reticulocytes 
thatjl velops rapidly After optimal amounts of Uver are given the 
p<^' f the reticulocyte mcrease usually occurs between the surth and 
w' nth day seldom as soon as the fifth or after the tenth day From 
Aime thev have defimtely increased untd they have returned to a 
similar level it is rarely less than seven or more than thirteen days, and 
usually eight to ten days (3) 

Persons’ studies have shown that in permaous anemia with a low 
red blood cell count there is an increase in the mean reticulocyte 
(immature red blood cell) diameter, as well as in the mean adult red 
blood cell diameter (4) In view of these findmgs several sets of 
measurements have been made of the immature and adult red blood 
cells from each of mne cases of permaous anemia over periods ranging 
from the first twentyone days to the first six months of remissions 
induced by the daily ingestion of large amounts of hver In two of 
these cases frequent measurements were made during the rise and 
fall of the reticulocytes 

The measurements on only S of the 9 cases are presented in table 1 to 
conserve space The data, although obtained at irregular intervals 
on the other cases, are sumlar to those presented in graphic form in 
figure 1 The same method was employed to measure reticulocytes 
and adult red blood cells as that outlined in a previous paper (5) 
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Days blood 
number ^ 


mtHtons 

ptT CU 

mm 


TABLE 1 

The blood of 5 cases of pcrntctoits anemia treated ivith hver 


Measurements of diameters in microns 


Adult red blood cells 





Reticulocytes 

rtean i 
liam 1 
cter 

Spread 

Mean 

diam 

eter 

8 2 

7 5 

10 6 

7 7 

7 5 

9 9 

7 9 

5 6 

9 1 

8 7 

3 1 

8 8 

8 3 

4 3 

8 7 

7 5 

3 7 

7 8 

7 9 

3 7 

9 4 

8 0 

8 1 

10 0 



ilMtl 



09 75 22 81 78 56 98 1 25 

40 81 26 90 86 68 10 2 1 18 


33 10 8 25 86 86 84 10 3 1 19 

29 96 31 87 85 84 10 8 1 26 

62 96 27 87 85 90 10 6 1 25 


* Case 1 Lu er started on 6th day Case 2 Liver started on 4th day Case 4 Liver 
started on 8th day Case 5 Liv er started on 2Dd day 

t The second deainal place is omitted in the table, but was used to deterrmne the 

reticuloc> tes 

ratio — ; 

adult 
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Cases 1 to 4 inclusive were among the earliest cases treated by Mmol 
and Murphy They received only about 150 grams of cooked liver a 
day and hence their response was defimtely slower than occurs in most 
cases given larger amounts of liver, kidney, or full doses of potent 
li\er extract (3) 



Fio 1 Tue Decrease of the Mean Diameter of the Reticulocytes and 
Adult Red Blood Cells in Relation to the Temporary Increase of 
RE ncuLOCYTEs Produced by Liveh Teedino in Pernicioub Anemia 

The curves m figure 1 which were constructed from the data pre- 
sented for case 5 (table 1) are comparable to curves plotted for the 
other cases The patient received daily 250 grams of raw liver pulp 
Dunng the first five da> s of liver fecdmg there was a shght rise m the 
mean diameter of the reticulocytes, but no significant change in the 
diameter of the adult red blood cells On the fifth dav the nse m the / 
reticulocytes began and reached a peak on the eighth day, gradually 
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falling to near normal by the mneteentb day From the fifth to the 
mneteenth da)’- the most important changes in red blood cell size 
occurred They -were (1) A marked drop m mean reticuloc)de 
diameter from the sixth to the eighth day as the reticulocytes rose 
(2) A gradual decrease m mean reticulocyte diameter from the eighth 
day on-wards (3) A distmct rapid drop m mean adult red blood cell 
diameter from the fifth to the sixth day foUnwed by an increase from 
the eighth to the twelfth day to -withm 0 10 micron of the original size 
(4) A very gradual decrease m mean adult red blood cell diameter 
from the twelfth day onwards 

In cases followed for longer periods of tune the mean reticulocyte 
and adult red blood cell diameters decreased gradually so that normal 
proportions were usually found when the red blood cell count reached 
normal figures Not only did the actual diameter measurements 
become normal but the abnormally high ratio between the diameters 
of the reticulocytes and adult red blood cells approached normal, as 
the data in the last column of table 1 shows Both the spread (differ- 
ence in diameter between the smallest and largest red blood cell 
found) and the dispersion (difference between the 16 per cent and 84 
per cent grade taken from the curve of red blood cell size plotted on 
anthmetic probabihty paper) also approached normal as shown m 
table 1 Davidson and McCne (7), usmg a different method to 
measure red blood cells, question the findmgs of Medeans and Mmot 
who state that “The mean diameter of the red blood cells m permaous 
anenua may become normal in patients unproved by a special diet 
nch m hver when the red blood cell count mcreases to between 
4,200,000 and 6,300,000 per cubic nulfimeter ” Our findmgs are m 
accord with the statement of Medeans and Minot (6) It would 
appear that one of the signs to indicate that the patient has received 
and IS receivmg an adequate amount of anti-permaous anemia sub- 
stance IS that the red blood cell diameters are normal or essentially 
normal 

It IS not hkely that the imtial nse m the mean diameter of the 
reticulocytes which occurred before the nse in the number of these 
cells IS significant The pronounced drop m mean reticulocyte 
diameter and -the less marked drop m mean adult red blood cell 
diameter, which occurred as the reticulocytes rose to a peak, are 
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outstanding rapid changes The subsequent nse m mean adult 
red blood cell diameter comadent with the fall in the number of 
rebculocytes was detected in several cases It is apparently a change 
of short duration and lasted only four days m case 5 It was an 
unexpected findmg the cause of which is not evident. The subsequent 
slow decrease m mean reticulocyte and adult red blood cell diameter, 
which continued until normal proportions were found, when the red 
blood cell count approached normal, adds further evidence to that in 
the literature that contmued adequate liver therapy can permit the 
bone marrow in permaous anemia to manufacture red blood cells of 
normal size 


CONCLUSIONS 

Measurements of the diameters were made of immature (reticu 
locytes) and adult red blood cells from 9 cases of permaous anemia 
during treatment with liver 

As the reticulocytes increased there occurred an imtial drop in the 
mean adult red blood cell diameter which soon rose again almost to its 
onginal level The size rcmamed approximately the same while the 
red blood cells increased about 1 nulhon per cubic millimeter and 
then progressively decreased to about normal as the red blood cell 
count rose above 4 5 million per cubic millmieter 

The mean reticulocyte diameter decreased markedly as the reticu- 
locytes rapidly rose It then continued to decrease slowly becommg 
normal or essentially so when the red blood cells approached 5 million 
per cubic millimeter 

Decrease to normal values in the mean reticulocyte and adult red 
blood cell diameters m permaous anerma can result from contmued 
adequate liver therapy causmg changes in the bone marrow 

The authors wish to express their nppreaation to Dr George R. 
Mmotforhisdirectionof thiswork, andtoDr J H. Means and F K 
Thomas for their helpful cntiasm 
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